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We’re proud to announce that OrCAD has acquired Massteck™ 
— the clear leader in PCB design price/performance. 

And now you too can acquire Massteck’s MaxEDA” — and 
for a limited time, save $2,000. 

That means for under $3,000, you'll get an extremely afford- 
able solution for doing high-end work on desktop PCs. 
OrCAD’s new version of MaxEDA includes a powerful 16-layer 
push-and-shove autorouter, auto-interactive routing, automatic 
matrix placement and test-point generation, online DRC and 
uto-DFM. 

_ And as part of the OrCAD 
Design Desktop™ for Windows®, 
-MaxEDA is tightly integrated with 







Limited Time Offer 


Save $2,000 On MaxEDA 
Call Now 


(800) sa S505 


OrCADis : a registered trademark and Massteck, MaxEDA, MaxEDA Gold, OrCAD Capture and OrCAD Design Desktop are 
trademarks ofOrCAD, Inc. Windows is a registered trademark of Microsoft Corporation. All other trademarks are marks of their 
respective owners. Prides.are subject to change without notice. 
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Do What We Did. 
Buy MaxEDA. 





our OrCAD Capture™ for Windows. With support for forward- 
and back-annotation, pin and gate swap, and cross-probing of 
components and nets. You can pass layer assignments, net 
priorities and component attributes from OrCAD Capture to 
MaxEDA — and back again. 

MaxEDA Gold™ adds automatic cluster placement, interac- 
tive push-and-shove component placement and a complete set 
of translators for layout products from PADS, P-CAD, Protel 
and more —all at a special price of $7,995. 

But only for a limited time, so call today. 

For more information, detailed data sheets or to order, 
send email to info@orcad.com or call OrCAD Direct at 


OrCAD ® 


Bringing Electronic Design to the Desktop 





——s CIRCLE NO. 214 
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sh your processor to 
the max with the Siliconix 
dc-to-dc controller IC. 





The new Si9145 dc-to-dc 
switchmode controller IC is 
the only device that gives 
you full Pentium® processor 
performance. 


Si9145 TRANSIENT RESPONSE 





Finally, there’s a way to push your 
Pentium processor designs to full 
speed. The Siliconix Si9145 features 
wide-bandwidth feedback for fast 
response to large amplitude load 
step demands. That’s important 
because response time is critical 
to maintain tight regulation 


3.60V 
geay and performance in power 
Output Voltage supplies for high-speed pro- 
3.45V cessors like the Pentium chip. 
7 
: What’s more, the Si9145 is 
3A available in both small-outline 
on and TSSOP packages. Combine 





it with low-profile surface-mount 
inductors and capacitors, and you 
have a smaller dc-to-dce converter 
with the industry’s lowest voltage 


ata eda gE 


ripple and the best transient response. 
Just the thing for reducing PCB size! 


Use the Si9145 with a LITTLE FOOT® 
or LITE FOOT™ power MOSFET for 
a complete surface-mount solution 
for lower-power dc-to-dc boost or 
synchronized buck conversion. 


So if you’d like to push your proces- 
sors to the max, call 1-800-554-5565, 
ext. 950, and we’ll send you a free 
Si9145 Design Guide. 





Siliconix, A Member of TEMIC 


TEMIC is a company of AEG Daimler-Benz Industrie. 2201 Laurelwood Road, Santa ( lara, CA 95054 Fax: 408-970-3995. 
Members of TEMIC Semiconductors: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor. 
TEMIC European Sales: UNITED KINGDOM: 0344-485757. GERMANY: 0130 857 320. FRANCE: 1 30 60 70 00. 


ITALY: 02-332 121. SCANDINAVIA: 08-733 0090. “ 
niium is a registered trademark of Intel Corp. 


1995 Siliconix/TEMIC. All rights reserved. 


VOLTAGE CONTROLLED 
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25 to1025MHz (+7dBm output) Fon 


It's a fact! With Mini-Circuits new POS family of shielded, laser sealed 
voltage controlled oscillators, you pay less but get more... top notch 
quality, superior performance and value pricing. 

Features include wide-band models with near octave bandwidth and linear 
tuning. Low SSB phase noise characterized at 100Hz to 1MHz offsets. 
Excellent harmonic suppression, typically more than 25dB. RF power 
output typically +7dBm, excellent for driving level 7 mixers. Miniature size, 
only 0.4 X 0.8 inch board space. Hermetically sealed and ruggedly constructed 
for tough environments. Best of all, Mini-Circuits high performance, highly reliable 
VCO's can be yours at value prices starting at only $11.95 each 
(qty.5-49). To order from stock, call Mini-Circuits today. 


Mini-Circuits...we’re redefining what VALUE is all about! 


DESIGNER’S KITS: 
K-POS1 $124.95 (contains 1ea. all models). 
K-POS2 $79.95(contains 1ea. all models except POS-75,-150,-300). 


Model 
No. 


POS-50 


POS-75 
POS-100 


POS-150 
POS-200 


POS-300 
POS-400 
POS-535 
POS-765 


POS-1025 


Freq. Range 


(MHz) 
Min. 


25-50 
37,5-75 
50-100 


75-150 
100-200 


150-280 
200-380 
300-525 
485-765 


685-1025 








STT 





9 





(5-49) 


Notes:TunIng voltage 1 to16V required to cover freq. range. 
Operating temperature range: - 55°C to +85°C. 


L_ Mini-Circuits’ 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRC 


Phase Noise Harmonics Power Price 
(dBc/Hz) (dBc) 12VDC (Qty.5-49) 
SSB @10kHzTyp. Typ. CurrentmA $ea. 
-110 -19 1¥ 11.95 
-110 -27 17 11.95 
-107 -23 18 11.95 
-103 -23 18 11.95 
-102 -24 18 11.95 
-100 -30 18 13.95 
-98 -28 18 13.95 
-93 -26 18 13.95 
-85 -21 22 14.95 
-84 -23 22 16.95 
xj 
4 ¢ 
‘es 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
CIRCLE NO. 185 
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COVER STORY 


Delivering the high- 
speed clock: It’s not 
easy to be on time 








Portable hardware 
makes experi- 
ments interactive 


Optimize sensor 
systems using 
fixed components 


Cryptography is key 
to securing proprietary 
information 


Options dot the 
programmable-logic 
landscape 


a6 1995 


N JuLy 6, 1995 


A Cahners Publication/Volume 40, Number 14 


32 


Delivering the 
high-speed 
clock 


Illustration by Gregg Dinderman 
Art direction by Chinsoo Chung 
Concept by Bill Schweber 


DESIGN FEATURES 


For the digital system clock in high-speed processors, being late—or 
even being early—causes serious system problems. By doing your 
homework and not taking design risks, you can ensure that your 
clock edges make their transitions in the right time window. 
—Bill Schweber, Technical Editor 


Bringing the data-acquisition system to the experiment can provide 
useful results in a hurry. But, if you’re not careful, subtle flaws in 
what should be invisible software can stymie your hardware instal- 
lation.—Dan Strassberg, Senior Technical Editor 


A design method that uses device-to-device variations, temperature 
effects, and component tolerances allows you to configure opti- 
mum amplifier and ADC circuitry for sensor systems. 

—Eric Jacobsen and Jeff Bawm, Motorola Sensor Products 


Computer and communications technologies are converging. Satel- 
lite and cable TV, electronic mail, and smart bank cards are among 
the slew of applications involved. Some applications routinely risk 
transmitting valuable information over low-security channels. By 
using cryptography, however, you can encode proprietary data and 
prevent its misuse.—Antony Watts, SGS-Thomson Microelectronics 


PLDs have emerged as indispensable tools for system designers. 
They have evolved from fast prototyping tools into production 
devices that quickly get your designs to market, when anticipated 
volumes don’t justify the cost of a full ASIC design. 

—Richard Kapusta, Cypress Semiconductor Corp 


Portable hardware 
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For more information on our workstation solutions: 1-800-HP KNOWS or http://www.wsg.hp.com 





More. Better. Faster. 


What computer system 


do you have? 


For serious engineering, you need serious 
performance. HP 9000 J-Class VISUALIZE 
workstations give you exactly that. The 
world’s fastest 3-D graphics. And the world’s 
best price performance. You need to deliver 
more, better, faster..We already have. 
If the business decisions are yours, 


the computer system should be ours. 


©) packara 


Computer Systems 








| EDN | | EDITORIAL 


Entertainment, communication, and 
education: the real convergence 


Much has been 
written about 
the conver- 
gence of com- 
puters, com- 
munications, 
and consumer 
products. This 
is a supply- 
ae — side-centric 
view of the electronics market. In 
reality, consumers don’t care 
whether you classify a_printer/ 
fax/scanner for the home as a com- 
puter, communica- 
tions, or consumer 
product. They buy 
it because it per- 
forms useful tasks. 
In fact, the tasks 
convergence prod- 
ucts perform meet 
the three .main 
consumer needs of 
modern civilization. 
After satisfying the basic needs of 
food, shelter, transportation, and 
health, people spend their money on 
entertainment, communication, and 
education. I call these three cate- 
gories the three pillars of modern civ- 
ilization (the information society). 
This is a consumption-centric view of 








Jesse H Neal 

Editorial Achievement Award 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 1977, 
1976, 1975. 


American Society of 
Business Press Editors Award 
1994, 1991, 1990, 1988, 1983, 1981 
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After satisfying the basic 
needs of food, shelter, 
transportation, and health, 


people spend their money 
on entertainment, commu- 
alceshatelimeeslaremexeleresheceyep 





the electronics market. Like the con- 
verging products that are so hard to 
classify, it’s often very hard to decide 
which of the three pillars a product 
represents. 

A CD-ROM-based encyclopedia, 
such as Microsoft’s “Encarta,” is as 
entertaining as it is educational. A 
game such as “Sim City” is as educa- 
tional as it is entertaining. Interactive 
TV will satisfy needs in all three cat- 
egories. A universal TV/video phone/ 
computer clearly falls into all three 
categories and is likely to become the 
next big consumer 
product after the 
PC. My _ condo- 
lences to the com- 
panies scrambling 
to be king of the 
set-top-box hill. 

Products that 
fall into one or 
more of these three 
categories will be the big sellers of the 
late 1990s. If you compete in these 
markets or if your company should 
compete in these markets, take a long 
look at how well your planned prod- 
ucts will satisfy the consumer needs 
for entertainment, communication, 
and education. 


Le. Hf. 


STEVEN H LEIBSON 
EDITOR IN CHIEF 


Send me your comments via fax at (617) 558- 
4470, or on the EDN Bulletin Board System at 
(617) 558-4241, 300/1200/2400 8,N,1. From 
the Main System Menu, enter ss/soapbox and 
select W to write us a letter. 







HOME OFFICE 
275 Washington St, Newton, MA 02158 
EDN Bulletin Board: (617) 558-4241 

MCI: EDNBOS; fax (617) 558-4470; 

phone (617) 964-3030 

To send a message to an EDN editor via 
giao add @MCIMAIL.COM to the MCI 
address. 
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National’s new 
Data Acquisition 
System-on-a-chip 


is so momentous that... 
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Mother Nature gave you an easy 





And our design tools make it easy to use ~ 
The LM12434/8. National’s programmable 12-bit serial I/O Data Acquisition 
System-on-a-chip can shave weeks off your design time. 
Featuring ten integrated functions, the LM12434/8 is fully 
capable of stand-alone operation. It will significantly simplify 
your design and reduce debug time. — Moreover, our 
remarkable new WaveVision design tool makes this versatile chip 
a snap to design in. This intuitive Windows™-based tool clearly 
simulates the full functionality of the part, configures a DAS for 
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way to remember 


how many functions 


geese! 









operation, and evaluates the performanc 
design. In 10 minutes, you’ll be a pro. — There is, of 
course, much more to tell. Like the LM12434/8’s industry- 

leading speed of 140kS/s throughput while consuming only 
» 45mW from a 5V supply, and its eye-popping price of 
$12.90 (per 1000 pieces)...but the clock’s ticking. So 
get your free WaveVision software and a complete 
product information kit today. Call 1-800-NAT-SEMI, Ext. 357, 
fax your request to 1-800-888-5113, or return the attached reply card. 


evice in your 








it has. 





National 
Semiconductor 
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TECHNOLOGY THAT WORKS FOR LIFE 


Display equipment acts as the eyes of machines. 

Your machines will have an entirely new outlook 

with a Samsung VFD (Vacuum Fluorescent Display) 
module. Our VFD modules provide your industrial 
machines, automobiles, home appliances and 

other display equipment with a new level of 

wide viewing angle, vivid contrast, and manifold 
character representations. 

Brighten your machines with Samsung VFD modules. 


1 (thaw eteabbatee 






















CHARACT' OUTER ELECTRICAL WTEREACE 
Scot = CHARACTERISTICS 


CW } CP Vec | lec 8 
. = 
scum {mm} }imm) timm) dimm} i (mm) | (Vide! | (mAl | (felt - 


eerie Ls 


CHARACTER 
FORMAT & 
SYMBOLS 











20S102MA4| Hi HR 


20S2040A2 
AOS 1Q2MA4 


al Ele 
= is 














<j | 


<a 


Headquarter 

Daekyung Bldg. 120 2-Ka, Taepyung-Ro. Choong-Ku Seoul TEL:822-727-3331~3, 3351~3 FAX: 822-727-5949, 727-3389 
European Office 

SAMSUNG Haus AM UNISYS Park 1 65843 Sulzbach, Frankfurt, Germany TEL:49-6196-74001~5 FAX: 49-6196-758149 
Hong Kong Office 

66F Central Plaza 18 Harbour Rd., Wanchai, Hong Kong TEL:852-2862-6053 FAX: 852-2866-2548 

Samftron Display Inc. 

18600 Broadwick St., Rancho Dominguez, CA 90220, U.S.A. TEL:310-537-7000 FAX:310-537-1033 DISPLAY DEVICES 
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You can write event-driven, graphical- 
interface ANSI C programs in minutes 
rather than hours by using Code- 
Builder, a utility in Version 3.1 of 
National Instruments’ LabWin- 
dows/CVI visual-development soft- 
wate package for Windows PCs and 
Sun SPARCstations. CodeBuilder not 
only speeds program writing, but also 
reduces errors and produces more 
consistent and maintainable code 
than human programmers do. You 
begin by using the User-Interface Edi- 
tor to assemble knobs, pushbuttons, 
gauges, and charts on the screen. You 
then insert acquisition and control 
code from LabWindows/CVI libraries. 
New, configurable Extended Con- 
trol-Hierarchy Objects (ECHOs), 
including a new timer control, act as 
instrument drivers, handling low- 
level hardware programming of data- 
acquisition boards and making it easy 
to display acquired data graphically. A 
new color-intensity plot capability lets you show 3-D 
plots in 2-D, with color representing the Z-axis position. 
Customizable on-screen tool bars present all the com- 
mon source-code editing and debugging functions. 
Pointing at a tool-bar button automatically displays tips 
on how to use the tool. The package provides the tools to 
develop drivers for VXI instruments in accordance with 
guidelines of the VXIplug&play Systems Alliance. The 
package includes the interface-independent I/O drivers of 
the Virtual Instrument Systems Architecture (VISA) Tran- 
sition Library (VTL). 
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EDN’s computer bulletin-board sys- 
tem (BBS) is now back on-line, after 
having experienced some technical 
difficulties. We apologize for any 
inconvenience you may have experi- 

' enced. To access the BBS, phone (617) 
558-4241 with modem settings 300/1200/2400 
8,N,1, (9600 baud=(617) 558-4580). 



















LabWindows/CVI includes customizable ECHO controls that simultaneously pro- 
vide flexibility and standardization. A CodeBuilder utility pulls in C code that is 
more consistent and maintainable than code created by human programmers. 


To run LabWindows/CVI V3.1, Windows users need 20 
Mbytes of hard-disk space and a Borland, Watcom, or 
Symantec C compiler. Sun users must have 32 Mbytes of 
disk-swap space and 12 Mbytes of disk space. Sun users 
who plan to incorporate external C objects must use the 
Sun ANSI C Compiler or the Gnu C Compiler. Prices 
begin at $995. Shipments begin this quarter. 

—by Dan Strassberg 

National Instruments Corp, Austin, TX. (512) 
794-0100. Circle No. 445 


cards for use in central- 
office, loop-carrier, and pri- 
vate-phone-exchange 
applications. In addition to 
the converters, the IC 
includes transmit and 

(continued on pg 16) 


AT&T Microelectronics’ 
T7504 codec performs A/D 
conversion for four voice 
channels (yu-law/A-law 
companding PCM), using a 
single SV supply. The 
device suits analog line 
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receive filters, S/H and 
autozero circuitry, and a 
precision reference to 
interface voice-telephone 
circuits to a time-division- 
multiplexed system. The 
T7504 assigns PCM data to 
any time slot on a per- 
channel basis, operating 
from a 2.048- or 4.096- 
MHz master clock. 

The device, which comes 
in a 28-pin DIP or PLCC, 
requires 37-mW/channel 
typical operating power; 
you can power down each 


channel to cut power con- 
sumption to 1 mW/chan- 
nel. The codec has differen- 


tial architecture for high ! 


noise immunity and meets 


D3/D4 and CCITT G.711- ! 
G.714 requirements. AT&T | 
fabricates the T7504 in | 
latch-up-free CMOS tech- | 
nology; it costs $6.20 | 


(10,000). 
—by Bill Schweber 
AT&T Microelec- 
tronics, Allentown, PA. 
(800) 372-2447. 
Circle No. 446 





DILBERT® by Scott Adams 


AL. ARE YOU 
NEW HERE? I'VE 
NEVER SEEN YOU 


DEFORE . 
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EM: THE LOST- EMPUOTEE 2. 
I'VE BEEN AIDING 

IN THE BUREAUCRACY 
SINCE. THE FLFELED. - 
PALD BUT FORGOTTEN. 


: Delay calculator targets 


i submicron designs 


| Integrated Silicon Systems (ISS) has developed 

| YTime, a delay calculator that addresses the prob- 

| lems of calculating delays in interconnect-dominat- 
| ed submicron chips. These problems are due to the 

| difficulty in simultaneously and accurately model- 

| ing the gate delay, interconnect delay, and input 

| waveform on a net. The YTime product lets you 

| more accurately calculate on-chip delays by combin- 
| ing the gate-timing model, the RC network being 

| driven, and the input rise time to generate a driving- 
| point waveform for each extracted net. Separately 

| calculating resistance and capacitance, VTime inter- 
| actively tunes the driver model while determining 

| the RC network’s “effective” capacitance. The tool 

| then uses the converged effective capacitance and 

| gate-timing model, using the updated driver model 

| to drive the RC network to calculate gate delay and 

| interconnect delay. The YTime product calculates 
point-to-point interconnect delays from the driving 
point in the circuit to each load point in the RC net- 
work. It also calculates separate values for effective 
capacitance, gate delays, and interconnect delays for 
each specified input edge rate on a net. 

Input RC data formats to VTime include Spice and 
Standard Parasitic Format (SPF). You can input k-fac- 
tor, table, Thevenin, and ISS’s YDrive models to 
WTime. You can output Standard Delay Format (SDF) 
and Motive IDD and ISS formats. The tool can be 
used with both prelayout RC estimates and postlay- 
out RC-extracted data. The YTime product runs on 
Digital Equipment Corp, Hewlett-Packard, IBM, and 
Sun workstations. Prices start at $25,000. 

—by Jim Lipman 

Integrated Silicon Systems, Research Triangle 
Park, NC. (919) 941-6600. Circle No. 448 
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Plug ne 
Play Time 


Looking for a quick and simple way to upgrade your 
system to Plug and Play? Dallas Semiconductor—the 
world’s leader in computer timekeepers—introduces a 


family of Plug and Play timekeepers. Each timekeeper 
comes with extra RAM to store data that tells the 
computer where all the resource assignments are set. 
Systems access the timekeeper’s extra RAM via software 


instead of hardware for full Plug and Play capability. 


Most systems can be upgraded to Plug and Play 
simply by changing out the BIOS and the clock. 
Unlike flash-based solutions, no redesign is required. 
Store the BIOS in One-Time-Programmable (OTP) 
ROM and use a Dallas clock for the lowest cost Plug 


and Play timekeeping solution. 


Dallas’ Plug and Play solution does not require 
additional upper memory, thus saving system 
resources. 


You can store the BIOS in Flash or ROM. 


With the range of memory densities available in the 
Dallas Plug and Play family, you can design one 
system that will be adaptable across the gamut from 


low-end to high-end PCs. 





4401 South Beltwood Parkway m Dallas, Texas 75244-3292 m Tel: 214-450-0448 





A kickstart input powers on the system with a single 
keystroke or via a modem ring detect signal. 

A wake-up alarm wakes up the system at a pre-set 
time; the system then performs its tasks and shuts 
itself down. 

Our clocks give your system the ability to perform 
“Soft Power On,” complying with the PC ‘95 


Hardware Design Guide recommendation. 


An SMI (System Management Interrupt) recovery 
stack on-chip guarantees the integrity of BIOS 
execution. 

Each chip is laser-etched with a guaranteed-unique, 
64-bit serial number to help you keep track of your 


Dsiess/Dsi6s7_| 128 Bytes | 3V or SV 
DS17285/DS17287 2K Bytes 3V or 5V 


systems. 








DS17485/DS17487 3V or 5V 
DS17885/DS17887 8K Bytes 3V or 5V 


For more information on the Dallas Semiconductor family 


of Plug and Play clocks, give us a call at (214) 450-0448. 
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Optical sensor detects 
10-.m displacement 


A new optical sensor combines an LED with a position- 
sensing diode (PSD) to detect position changes as small 
as 10 wm. Unlike other optical sensors that work by mea- 
suring the intensity of 
reflected light, the Z4D- 
AOQ1 from Omron Elec- 
tronics measures the 
position of a reflected 
spot of light on the sur- 
face of the device’s PSD 
chip. The Z4D-A01 then 
uses the geometric prin- 
ciple of similar triangles 
to determine displace- 
ment of a sensed object 
from an initial location 
(Fig 1). Omron antici- 
pates use of the sensor 
in products that mea- 
sure the thickness or 
position of a sheet of 
paper. Omron marketer 
Chris Corder expects to 
see the device in copiers, 





Omron's Z4D-A01 optical sensor 
targets applications that need 
to measure the thickness of printers, fax machines, 


payer and money changers. 
Unlike sensors that provide a single output from a pho- 
todiode or phototransistor, the Z4D-AO1 provides two 
outputs from its PSD. Each output current is inversely pro- 
portional to the distance from the current’s correspond- 
ing electrode to an incident spot of light on the PSD’s sur- 
face. The Z4D-A01’s LED creates the spot by reflecting 
light off the object whose displacement must be mea- 
sured. As the object moves, so does the incident spot of 
light, thus altering the PSD’s two output currents. The 
ratio of the two currents determines the spot’s location, 
and application of the principle of similar triangles (ABO 
and abO in Fig 1) then allows computation of the sensed 


Be 





RE Conc 


By applying the two outputs of a position-sensing diode to the 
principle of similar triangles, the Z4D-A01 optical sensor can 
measure very small object displacements. 


object’s displacement (AB) from a previous location. 

The $45 Z4D-A01 has a maximum sensing distance of 
about 6.5 mm. It works with a microcontroller that needs 
an A/D converter having at least 10 bits to take advantage 
of the sensor’s maximum resolution. The screw-mount 
sensor operates on 5V dc and has an attached standard 
connector for use in remote-sensing applications. 

—by Gary Legg 

Omron Electronics Inc, Schaumburg, IL. (800) 

556-6766. Circle No. 449 


PC chip set 
includes 
complete 
secondary cache 


Cypress Semiconductor 
has introduced a Pentium- 
based PC chip set that 
integrates all standard I/O 
and bus interfaces along 
with a complete 128-kbyte 
secondary-cache-memory 
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subsystem. Cypress 
expects the three-chip 
3.3V hyperCache chip set 
to cost $48 (1000) and be 
available for initial sam- 
pling in August. 

The set’s first chip, the 
CY82C691, performs sys- 
tem and memory-inter- 
face functions. It provides 
CPU and PCI bus inter- 
faces, a cache controller 
that can handle as much 


as 1 Mbyte of secondary 
cache, and an integral 
8kx21-bit cache tag RAM. 
The device also provides 
DRAM control for as 
many as six banks (768 
Mbytes max) of mixed 
fast-page and extended- 
data-out DRAMSs. The con- 
troller also allows direct 
DRAM access for unified 
graphics/main-memory 
designs. 


The CY82C692 provides 
a 128-kbyte, two-way set- 
associative, pipelined 
cache memory with 
3-1-1-1 performance at 66- 
MHz bus-clock speeds. In 
addition to the memory 
block, the device offers a 
wraparound counter for 
both Intel and linear burst 
access, eight-deep FIFO 
memories for PCI bus 

(continued on pg 20) 
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buffering, parity checking, 
bus-size conversion logic, 
and data-steering logic. 
The C692 also offers a 64- 
bit port to an optional, 
$14 CY82C694 128-kbyte 


CY8C693, integrates I/O 
bus and peripheral con- 
trol. It offers both ISA and 
PCI bus interfaces, han- 
dling as many as five PCI 
bus masters. It also in- 


interfaces, an IDE inter- 
face with bus mastering, 
and power-management 
circuitry. The chip’s on- 
board bus drivers offer 
selectable 8-, 12-, and 24- 


calls for production ramp- 
up beginning in Novem- 
ber. Cypress also plans to 
migrate the design to its 
RAMS process in 1996 to 
produce a single-chip ver- 


expansion cache memory. cludes DMA and interrupt mA drive levels, eliminat- sion. 

The C694 performs asthe control along with a tun- ing the need for external _ —by Richard A Quinnell 

C692 but has only the able real-time clock, bat- bus drivers. Cypress Semiconduc- 

memory block. tery-backed SRAM, PS/2 Cypress’s schedule for tor, San Jose, CA. (408) 
The third chip, the mouse and keyboard the hyperCache chip set | 943-2600. Circle No. 450 


Repeater controller 
handles fast Ethernet 
connections 


The one-chip BCMS012 repeater 
controller from Broadcom supports 
100BaseT4, 100BaseTX, and 100- 
Base-FX fast Ethernet connections 
and network management. With the 
company’s BCMS000 10/100BaseT4 
fast-® transceiver chip, the repeater 
controller enables network manufac- 
turers to design 100-Mbps networks. 

The BCM5012 meets IEEE 802.3 
specifications and connects to any 
media type, including CAT 3, 4, and 
5 unshielded twisted pair (UTP), 
shielded twisted pair, and fiber-optic 
media. 

The device integrates features that 
allow system managers to operate 
and troubleshoot networks using the 
same software across multiple physi- 
cal layers. The BCMS012 facilitates 
network management by Simple 
Network Management Protocol soft- 
ware through a collection of all the 
IEEE 802.3 management-informa- 
tion blocks. The chip also includes 
dedicated port connections for a 
local media-access-control layer and 
wP. 

The chip can handle 10 stackable 
repeater hubs with 13 repeater ports 
on each hub and thus handles the 
popular repeater model that uses 12 
ports of a primary fast-Ethernet con- 
nection. You can use the other port as 
a translational port that handles 
other connections or a fiber-optic 
uplink. Using this repeater model in 
a 10-stacked hub configuration, 
manufacturers can support 130 ports 
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The BCM5012 100BaseT repeater controller has its own system-management 


resources. 


with various fast-Ethernet connec- 
tions in a single stack. 

A typical 12-port 100BaseT4 
repeater-hub application uses a 
BCMS5012 and 12 of the company’s 
BCMS5000 chips. The single-chip 
BCMS5000 handles 100BaseT4, 
10BaseT, and 10BaseT full-duplex 
Ethernet on CAT 3, 4, and 5 UTP 
cable. The company uses DSP for 


adaptive equalization. DSP enables 
100BaseT4 connections to achieve an 
S/N ratio that’s 3 dB better than that 
of the ideal linear analog method. 
The BCMS5012 comes in a 208-pin 
PQFP and costs $108 (1000). : 
—by John Gallant 
Broadcom Corp, Los Angeles 
CA. (310) 443-4490. 
Circle No. 451 


Spread-spectrum IC is core 
of transparent-modem link 


Using techniques of narrowband FM along with analog circuitry, Wireless 
Logic’s WLT9009 can serve as the core of a full-duplex wireless link. A com- 
plete system using this IC functions as a 900-MHz spread-spectrum wireless 
link, interfacing between a roving unit (such as a PC) and a wired modem. 
It is transparent to both link endpoints and supports modem modulation 
and protocols up to 19.2 kbps. od emg range is several hundred meters, 


even within buildings. 


(continued on pg 22) 


12 Bits, 1pA, 3 V-5 V 





At 200 kSPS, You 


Can Now Make 


Your Low-Power ADC Decision 
Very Fast. 


Introducing the AD785x, the first family of 
12-bit ADCs to combine the high performance, 
minimal power consumption, small package size 
and low cost required for today’s portable 
applications. 


More Samples per pA 

As the chart shows, the AD785x series delivers 
excellent throughput with negligible current 
consumption — up to twice the samples per pA 
as the competition. In addition, the partial- and 
full-sleep modes enable you to bring power con- 
sumption to an absolute minimum. Whether 
your system calls for 3-V or 5-V operation, all 
members of the AD785x family offer the indus- 
try’s best throughput-to-current ratio. 


AD7858/L 


200/100 
16.5/5.4 


AD7853/L 


200/100 
16.5/5.4 


Throughput (kSPS) 
Power @ 3 V (mW max) 
Supply Range (Volts) 
Channels-Interface 
smallest Package 
Price® ($) 


200/100 
16.5/5.4 








8-Serial 
24-SSOP 
9.85/6.95 


1-Parallel 
28-SSOP 
9.35/7.45 


1-Serial 
24-SSOP 
8.95/6.45 


System Calibration 

Self- and system-calibration features, including 
autocalibration on power-up, ensure accurate 
Operation over temperature and time. Add in 
superior ac/dc characteristics like 70 dB SNR 
and +0.5 LSB INL, and you also have an ideal - 
ADC for instrumentation applications. 


More Choices — By Far 
Whether your design calls for higher through- 





AD7854/L 


( All are 3.3 V+ 10% &5 V4 
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? 


AVERAGE CURRENT 


“9 
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THROUGHPUT (kSPS) 


put, micropower consumption, programmable 
serial or a parallel interface, single or eight chan- 
nels, no one offers you 
more choices, more 
affordably, than Analog 
Devices. 


AD7896 


100 

12 
21-55 
1-Serial 
8-SOIC 
6.75 


AD7859/L 


200/100 
6.5/5.4 
10% ) 
8-Parallel 
44-PQFP 
11.60/8.75 


To determine which 
ADC is best for your 
application, and to 
request a data sheet 
and a sample, our new 
Low-Power ADC Reference Guide 
is the place to start. To receive a 
copy, contact the Analog Devices 
office or sales representative 
listed below. 






For a Low-Power ADC Reference Guide 
with sample and technical information, 
contact the Analog Devices office or 
sales representative listed below. 





Analog Devices Europe: Austria (222) 88 55 04-0, Belgium (3) 2482619, Denmark (42) 84 58 00, France (1) 46744500, Germany 089/57005-0, 030/391 90 35, 04181/80 51, 0221/68 60 06, 0711/88 11 33, 
Israel (9) 911 415, Italy (2) 665 00 120, (11) 24 87 789, (6) 86 200 306, Netherlands (1620) 815 00, 


* USD 1,000s, recommended resale, FOB U.S.A. 


Sweden (8) 282 740, Switzerland (1) 820 01 02, (21) 803 25 50, United Kingdom 0932 266000 
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Using this chip, user 
data modulates a high fre- 
quency via a VCO, and 
the VCO output mixes 
with a pseudorandom- 
noise (PN) sequence. The 
result is a biphase FM sig- 
nal. The corresponding 
receiver down-converts 
the FM signal and then 
demodulates it back to 
baseband. Unlike base- 
band despread techniques, 
which result in relatively 
wide, 4-MHz signals that 
are open to noise and 
hard to filter, this RF 
despread provides superior 
noise and range perfor- 
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mance, with 30-kHz IF re- 
ducing interference energy. 
Process gain is 23 dB. 

The WLT9009 spread- 
spectrum signal processor 
contains two PN sequence 
generators, with 2048- 
and 8192-bit sequence 
lengths, and has a patent- 
pending frequency-diver- 
sity scheme for increased 
robustness. The device 
comes in a 64-lead PQFP 
and costs $16 (10,000). 


—by Bill Schweber : 


Wireless Logic Inc, 
San Jose, CA. (408) 246- 
1538. Circle No. 452 
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; 50M-sample/sec 
| arbitrary-waveform generator 
' doubles as 64-bit pattern generator 


| Deep within most arbitrary-waveform genera- 

' tors lies the heart of a digital pattern genera- 

' tor. Only a few vendors provide hardware that 
' lets you unlock the pattern-generation capabil- 
' ities, however. Also, most waveform generators 
' that produce digital patterns create rather 

' narrow ones. In the case of Wavetek Corp’s 

' Model 296, though, the patterns can be 64 bits 





A graphics screen and graphical user interface simplify wave- 
form creation and editing with Wavetek’s Model 296 four- 
channel, 50M-sample/sec arbitrary-waveform generator. The 
generator can also function as a generator of 64-bit-wide dig- 
ital patterns or of waveforms and patterns simultaneously. 


wide. That’s because the 50M-sample/sec gener- 
ator has four independent channels, and you 
can phase-lock their variable-frequency clocks. 
Each channel can generate 12-bit-resolution 
analog waveforms or 16-bit-wide digital pat- 
terns, so you can simultaneously create analog 
waveforms and digital patterns. Maximum 
waveform amplitude is 15V p-p (80V p-p 
optional). 

Each channel has a 128k-word-deep pattern 
memory; a 512k-word-deep memory is option- 
al. To effectively increase the pattern depth 
still further, you can divide the memory into 
waveform segments and link up to 4095 seg- 
ments into one waveform. You can also create 
complicated waveforms by summing the out- 
puts of two or more channels on the internal 
bus. The generator can download waveforms 
via its floppy-disk drive or RS-232C and TEEE- 
488 interfaces. A built-in graphics screen and 
mouse-controlled graphical user interface sim- 
plify waveform creation and editing. $7245. 

—by Dan Strassberg 

Wavetek Corp, San Diego, CA. (619) 279-2200. 
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Turn yourself on... 


to on-line, real-time technical assistance and product sourcing. 





With HAMILTON HALLMARK’S new home page on the Internet Worldwide Web — the only address on the 
technical assistance, plus product sourcing in real-time. 


§ for on-line designs, 


Design engineers can dial up Hamilton Hallmark's home page @4 fOUIS @ day, 7 das @ Week to access valuable information such as reference designs, application notes and 
product cross references. Receive on-line design advice from the staff of experienced design engineers at our TECHNICAL SUPPORT CENTER (TSC), experts in 
microprocessors, data acquisition, embedded controllers, programmable logic and much more. 


Or, tap into our engineers’ research tools: e Product data sheets ¢ Product catalogs on CD-ROM @ The IC Master Catalog @ A comprehensive technical library with over 170 trade and 
technical journals e The TSC newsletter, featuring articles on designs built with products from the Hamilton Hallmark line card @ Ready-made technical presentations 


Hamilton Hallmark’s new home page also offers the latest way to surf and source on the information superhighway. It provides access to industry lead-time and pricing trends 
by product commodity via Hamilton Hallmark’s product planners and market barometers. 


Now there’s one, instant and up-to-date source for information that eliminates costly, time-consuming research, expedites information exchange, and helps 
you get product to market faster - HAMILTON HALLMARK’S home page. SO BOOT UP AND LOG ON. Because if aerators is power, you need a power tool. 
For more information on Hamilton Hallmark’s home page services, call us toll-free at 1-800-605-3294, ext. H108, or on the [Sivas 





hitp://www.tsc.hh.avnet.com 





WAMILTONGQD HALLM ARE 


An Avnet Company 
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Five vendors announce 
PCMCIA data- 
acquisition cards 


If you judge by the number of com- 
panies introducing PCMCIA data- 
acquisition cards, the tiny plug-ins 
constitute one hot product category. 
In a recent four-week period, at least 
five companies announced such 
cards. 

For example, both Intelligent 
Instrumentation and Soltec 
announced pairs of 12-bit models 
for $595 each. Each unit scans eight 
differential inputs and takes 30k 
samples/sec. Each company offers 
one card that provides gains of 1, 2, 
4, and 8 and another that provides 
gains of 1, 10, 100, and 1000. All of 
these cards provide four digital 
inputs and four digital outputs. The 
vendors also supply signal-termina- 
tion units. For $225, you can buy 
extra copies of Intelligent Instru- 
mentation’s unit, which includes 
thermocouple cold-junction com- 





pensation and a voltage reference. 

IOtech has announced two 
cards—a 12-bit unit that costs $695 
and a 16-bit unit that costs $895. 
Each card takes 100k samples/sec 
and accepts eight differential or 16 
single-ended inputs. 

Keithley Metrabyte has 
announced three 12-bit cards, each 
at $599. All accept eight differential 
or 16 single-ended analog signals 
and provide eight digital outputs 
and four digital inputs. Two units 
take 34k samples/sec and offer pro- 
grammable gain (1, 2, 4, and 8 on 
one; 1, 10, 100, and 1000 on the 
other). The third unit offers a fixed 
gain of 1 but takes 140k 
samples/sec. 

National Instruments has 
expanded its line to five cards, three 
of which convert analog inputs with 
12-bit resolution. Of these, two take 
100k samples/sec: A $695 unit that 
accepts eight single-ended or four 
differential analog inputs also offers 
two DAC outputs, 24 digital I/O 
lines, and three counter/timers. A 


$595 unit that accepts 16 single- 
ended or eight differential inputs 
offers 16 digital I/O lines and two 
counter/timers. A $395 SOk-sam- 
ple/sec unit that accepts eight sin- 
gle-ended inputs offers eight digital 
I/O lines and two counter/timers. 
Models without ADCs include a 
$195 unit that provides 24 digital 
I/O lines and a $325 unit that pro- 
vides 16 digital I/O lines and two 
DAC outputs. For more information 
on these products, also see “Portable 
hardware makes experiments inter- 
active,” pg 53.—by Dan Strassberg 

Intelligent Instrumentation, 
Tucson, AZ. (520) 573-0887. 

Circle No. 455 

IOtech Inc, Cleveland, OH. 
(216) 439-4091. Circle No. 456 

Keithley Metrabyte, Taunton, 
MA. (508) 880-3000. 

Circle No. 457 
National Instruments Corp, 


Austin, TX. (512) 794-0100. 


Circle No. 458 
Soltec Corp, San Fernando, CA. 
(818) 365-0800. Circle No. 459 
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ment’s revision history. 


Math software integrates 
with Lotus Notes and the World Wide Web 


With its latest release, a mathematical software package that 
has won the hearts of engineers and experimenters turns into 
something unusual, if not unique—groupware for techies. 
MathCad V6.0 integrates with Lotus Notes to allow work- 
group members to review, revise, and comment on MathCad 
documents and to distribute modified and annotated docu- 
ments among their peers. Without leaving MathCad, you can 
also download and manipulate work sheets from the Inter- 
net’s World Wide Web. You can merge such work sheets or 
portions of them into your own documents and you can follow 
hot links to other MathCad documents. A further benefit of 
compatibility with Notes is MathCad’s ability to track a docu- 


The new release also adds advanced visualization and ani- 
mation tools and an interactive programming language based 
on extensible math notation. MathCad V6.0 is a 32-bit Win- 
dows application that runs under Windows V3.1, Windows for 
Workgroups, Windows NT, and \ 
sion of the products will appear in early 1996. MathCad V6.0 
Plus Professional Edition costs $349.95; registered users of 
V5.0 who wish to upgrade pay $149.95. MathCad V6.0 Stan- 
dard Edition costs $129.95 and $49.95 to V5.0 users who wish 
to upgrade.—by Dan Strassberg 

Mathsoft Inc, Cambridge, MA. (617) 577-1017. Circle No. 460 


Vincdows 95. A Macintosh ver- 
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Its the laptop of your customers’ dreams. Yet its not pie-in-the-sky. Sony has the guts — the enabling techno ogy — 


lor you to breakthrough now. Simply, Sony parts will make it go faster, remember more, communicate better. 





use less power, both take and show video pictures, playback, decompress MPEG-1 CD-ROM images, and even 





turn tiny LCD images into wall-size productions. Now its up to you. Call 1-800-288-SONY. 
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FPGA co-processor targets 
embedded control 


Xilinx’s SRAM-based XC6200 family of field-pro- 
grammable gate arrays (FPGAs) for co-processing 
applications is the first 1.P-compatible FPGA series 
for the embedded-control market. The targeted 
applications include high-bandwidth and computa- 
tion-intensive functions, such as laser printers, 
video- and image-processing systems, telecommuni- 
cations equipment, and encryption/decryption and 
encoding/decoding circuits. 

Unlike conventional FPGA architectures, the 
XC6200 family has a standard ,P interface, which 
simplifies overall hardware design. The XC6200 also 
includes the FastMap memory-mapped I/O interface. 
FastMap comprises a .P-compatible address bus, a 
data bus, and control lines. Direct access to all inter- 
nal logic registers through the FastMap bus interface 
permits simple access by C-language application 
programs. 

The architecture meets the in-system configura- 
tion needs of co-processor applications, in which 
algorithms must change in real time. Examples of 
these applications include wavelet compression and 
decompression; 27.5-MHz video compression; four- 
tap FIR-filter biasing; and multispectral-image 
enhancement. The FastMap pP bus interface lets you 
reconfigure the chip in less than 200 usec. The inter- 
face configures the logic array and is configurable as 
8, 16, and 32 bits wide. The chip can configure as 
many as 32 bits in approximately 40 nsec. 

The XC6200 also features distributed memory, 
which means that you can use a basic cell for either 
logic or memory. Each logic cell contributes 2 bytes 
of memory. With distributed memory, a device with 
16,384 cells can provide 32,768 bytes of memory. 
The device’s fast reconfiguration capability lets you 
dynamically change the number of cells used as 
logic and the number used as memory. 

Each XC6200 device comprises a large array of 
simple 44-bit configurable cells in a fine-grained 
architecture that implements data-path and data- 
processing functions for embedded control. Cells 
contain a function unit that can simultaneously 
implement a logic function and an independent 
routing area for intercell communication. 

Device density ranges from 8000 to 64,000 gates, 
making the XC6200 suitable for data-path and struc- 
tured-logic designs. An 8000-gate device costs $25 to 
$30 (10,000), and a 64,000-gate device costs $200 to 
$250 (10,000).—by John Gallant 

Xilinx Inc, San Jose, CA. (408) 559-7778. 
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Technology leadership is our business - and it shows. 


Toshiba extends the frontiers of innovation in semiconductor technology. As one of the 
world’s leading Opto manufacturers, we provide high-reliability solutions that offer the 
optimum performance/price ratio for your design. 


Take our Photo Couplers. Toshiba was the world’s first to offer an SMD outline, and still 
offers the widest line-up available today to complement industry-standard SIL and DIL 
package styles. 


With acknowledged high reliability, resulting from the latest volume production 
techniques, and all international safety approvals - UL, VDE, BS! and Semco - you can see why 
Toshiba couplers really are the “quality” choice. 


Specify Toshiba Photo Couplers, and you automatically build in a competitive advantage. 
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Tl DSP BeLYTIONS 


Accelerate performance 
while reducing costs. 


When driving toward real-time real-time processing. Combine them with our 





processing and cost-effective function- Mixed-Signal DSP peripherals that have opti- 






ality at the best value, turn to mised interfaces, I/O ports and 


addressing features for accessing 
Texas Instruments. With TI DSP real-world data. And you can 
Solutions, you have the raw create price/performance solutions 


processing power available to com- that will help you win in today’s 






press/decompress information as wellas $99, you can get the marketplace. For example, TI has DSP 
Tl 'C2x DSP Starter Kit. 


It offers you a low-cost, 


For only 


encode and decode at rates required for and Mixed-Signal Solutions for your 


real-time audio and video applications. °45/-0-use too! for initial ayn lications from as little as $10* 
understanding of Tl DSP 
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ike cellar communications, modems, Solutions. And includes Test-drive the TI TMS320C2x DSP 


board, assembler and de- 


bugger software, sample Starter Kit for $99. TI DSP Solutions 
imaging and videoconferencing. programs and documentation. 


multimedia audio, voice recognition, 


can help you stay ahead on the price/ 
DSP Solutions from $10 to 2 Billion performance curve. For more information on the 
Operations Per Second. Select from over 100 ’C2x DSP starter kit, please circle the reader 


TMS3820 DSPs that were created specifically for service number below. 
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Bitt SCHWEBER, 


ies high-speed clocks that are 


the pulses of today’s processor-based cir- 
cuits rank after dc power as the second 
most widely distributed signal in the system. 
Ironically, though, they are at the opposite 
end of the frequency spectrum from power. 
They are timing pulses—the minimal essence 
of digital information—but their ~100-MHz 
rates mean they are subject to all the vagaries 
of the stormy analog world. 
Yet, reliable clock genera- 
tion and distribution are 
critical in your high-perfor- 
mance PC or communica- 
tion system. Clock-related 
failures are notoriously 
intermittent, varying with 
temperature, power-supply 
rails, internal loading, and 
many other hard-to-quanti- 
fy factors. If your clocks 
aren't up to spec, you'll be 
chasing seemingly unrelat- 
ed and irreproducible fail- 
ures in (he memory, |/O, 
CPU, and other areas. 
Good clock system design 


clockt 
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TECHNICAL 


EDITOR 


is neither easy nor magical. It requires you to 
use basic engineering techniques carefully and 
thoroughly for error budgeting, worst-case 
analysis, verification, layout consideration, 
power and grounding, and minimizing noise. 
To these problems, add refusing to cross your 
fingers and hope for the best, because timing 
margins are too tight for you to rely on good 
luck. The reality is that a statistically stable 





Signal distribution has a simple goal: to ensure that clock signals 
reach all ICs within a specified amount of skew. 





in 




















stem clock 
EDN July 6, 1995 * 33 











ital 


9 


s 
wy 
— 
_— 
See 
@) 
a 











HIGH-SPEED CLOCKS 


design, with guaranteed clock genera- 
tion and distribution timing, is achiev- 
able: The proof is the millions of reli- 
able PCs in use, with their relatively 
low soft-failure rates. 


Start by mapping your needs 

Keep in mind your fundamental 
objective: to ensure that your system’s 
ICs get their needed clocks without 
waveform degradation in sufficiently 
close synchronization (small enough 
skew) with respect to each other. Start 
by making a clock-load inventory: 
what clock frequencies does your sys- 
tem need for which functions (memo- 
ry, CPU, I/O, and so on) and locations 
(which ICs and where they reside)? A 
typical Pentium-based PC needs 
processor, Peripheral Component 
Interconnect, a floppy-drive-adapter, 
keyboard-controller, and system-refer- 
ence clock frequencies. 

The CPU clock usually has the high- 
est frequency in the system, but high- 
resolution video-display circuitry can 
have comparable or higher clock rates. 
As CPU speeds increase (Table 1), their 
designers realize that it’s unrealistic to 
expect a more-than-100-MHz signal to 
reach the CPU with proper timing and 
integrity. Above 50 to 100 MHz, switch- 
ing noise becomes a major problem. 
Instead, CPUs incorporate an internal 
PLL to multiply the supplied 
clock rate up to the desired 
internal frequency or fre- 
quencies. For example, the 
PowerPC 601 CPU from 
Apple, IBM, and Motorola 
internally derives its 245- 
MHz clock from a supplied 
75-MHz clock. Result: At the 
cost of a little extra internal 
silicon, the CPU and its var- 
ious subsections come with 
clocks, taking some of the 
burden off you. Table 2 lists 
some representative clocks. 

Your design challenge is 
to make sure that all clocks 
in the system are properly 
timed with respect to the 
CPU clock. Working against 
this objective are the laws of 
physics: Differing propaga- 
tion time, or “time of flight,” 
in each path leads to skew in 
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-SyB9424 
$y89429 


TABLE 1—PROCESSORS AND 
THEIR BUS-CLOCK RATES 
Processor | Clock rate 
(MHz) 
_ Apple/IBM/ 


PowerPC 
Motorola 
Digital Equip-| Alpha 
ment Corp 


P54C 


R4400SC 





signal-arrival times among the loads. 

Skew is analogous to a fixed offset 
(see box, “Simple function, but unusu- 
al specs”). As long as time of flight 
remains constant, you can design in 
suitable delays to equalize it properly 
(deskew) in all branches. The real prob- 
lem is the jitter—minute, apparently 
random variations in skew. Jitter comes 
from unavoidable variations in propa- 
gation delays due to component toler- 
ances, power-supply and other noise, 
pe-board variability, and other factors. 
A buildup of jitter can soon overwhelm 
your relatively small skew-tolerance 
budget. Even production device-to- 
device variation, normally not a major 
concern for circuit designers, is an issue 
you must take into account. 


Short TIL Lines 





The complete distribution network comprises clock sources, 
drivers, buffers, and delay elements, in some cases using mixed 
IC technologies. (Courtesy of Synergy Semiconductor Corp). 


At the same time, you have to main- 
tain signal fidelity and integrity 
throughout, with a clock waveform at 
the load that has essentially the same 
waveshape, including rise and fall 
times, slew rates, and overshoot and 
ringing, as it has at the source. To make 
matters worse, fast slew rates and sharp 
waveform corners also generate EMI 
that can affect adjacent circuit perfor- 
mance and cause you regulatory- 
approval difficulties. 


Live within a budget 

Once you define your system needs, 
work on a distribution strategy. Here’s 
where the serious engineering work 
begins. You lay out a tree, branch, and 
leaf topology (Fig 1) that provides 
required clock signals in the right 
places. A large computer system can 
have half a dozen levels of intermedi- 
ate buffering in contrast to a single- 
board PC, which can have just one 
buffer level. 

You then begin work on timing 
analysis and error budgets, so that sig- 
nals emerge from all distribution leaves 
at precisely the same time. Although 
the conceptual schematic of signal dis- 
tribution goes in a “straight line” from 
a source through all branches to the 
loads, most layouts physically imple- 
ment this schematic as a radial pattern 
to roughly equalize signal- 
path lengths. Eventually, 
you must more precisely 
equalize signal-path lengths, 
but a radial design is a start- 
ing point. Your constraint is 
the longest path delay for 
the clock; you must delay all 
other signals to match this 
time. 

How much precision in 
the delay is enough depends 
on the specifications for the 
processor and peripheral 
functions. Typically, you 
have only a few hundred 
picoseconds or less of skew 
allowance between clocks at 
the various loads. Skew 
comes from differences in 
physical path lengths, as 
well as propagation delays 
within the active compo- 
nents. The speed of light ina 








vacuum is ~1 ft/nsec (30 cm/nsec), and 
signal-propagation speed on a circuit 
board is roughly one-half that figure. 
Figured as a propagation delay, this cor- 
responds to delays of 150 to 200 
psec/in. (60 to 80 psec/cm). 

Skew specs are tight when 1.5 nsec is 
10% of a 66-MHz clock-cycle time. 
With the skew absorbing so much of 
your clock-cycle time, little timing 
margin is left at the load. To meet this 
reduced margin, you may have to use 
more costly 8-nsec DRAMs in place of 
less expensive 12-nsec devices, for 
example. According to Ref 1, you cross 
a threshold of significantly increased 
design difficulty when you have more 
than 10 board-level clock loads com- 
bined with a tolerance budget that is 
less than 10% of the clock period. 


Starting the signal 
A typical system needs multiple 
copies of each clock frequency. For a 
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representative Pentium-class chip set, 
you likely need four copies of the 
processor clock, six of the PCI bus 
clock, two of the system-reference 
clock, and one each for the floppy- 
drive adapter and keyboard con- 
troller—a total of 14 clocks. A PLL- 
based oscillator (Fig 2), such as 
Integrated Circuit Systems’ ICS9159C- 
02, Cypress Semiconductor Corp’s 
CY2254, IC Works’ W48C60-402, or 
Integrated Device Technology’s 
IDT74FCT3907, provides all 14 signals 
from a single 14.31818-MHz crystal, 
the de facto standard crystal frequency 
that most PC clock ICs use. 

If the PLL provides all the signals you 
need, then your task is relatively sim- 
ple: Work out the propagation times to 
the loads on your circuit board without 
intermediate active components—the 
basic time-of-flight calculation. Then, 
determine what compensating delays 
you need. At these clock rates, you 


most likely use transmission-line tech- 
niques for interconnection on your cir- 
cuit board beyond a few inches of trav- 
el to maintain signal-shape integrity 
and to control propagation speed. 

Stripline or microstrip layout (Fig 3) 
gives a fixed-impedance path, with 
propagation velocities you can calcu- 
late. The actual speed is a function of 
the nominal speed and the load at the 
end of the line, so factor that in, as well. 
Design impedances of 60 to 700 are 
common, with signal velocity of 0.55 
to 0.6 c. 

The distribution net for a simple and 
common point-to-point topology 
looks like a set of series-terminated 
transmission lines driving single loads 
(Fig 5). For first-order analysis, add the 
propagation delays to find the slowest 
path and minimize sources that cause 
delays on the faster clock paths or 
speedups on the slower ones. Use the 
skew and clock-arrival tolerance data to 
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TABLE 2—REPRESENTATIVE CLOCKS 





Vendor 


Applied Micro 
Circuits Corp 
Circle No. 315 


Cypress Semi- 
conductor Corp 
Circle No. 316 


IC Works Inc 
Circle No. 317 


Integrated Circuit 
Systems Inc 
Circle No. 318 


Integrated Device 
Technology Inc 
Circle No. 319 


Micro Linear Corp 
Circle No. 320 


Motorola Inc 
Circle No. 321 


National Semi- 
conductor Corp 
Circle No. 322 


Quality Semi- 
conductor Inc 
Circle No. 323 


Synergy Semi- 
conductor Corp 
Circle No. 324 


Texas Instruments 
Inc 
Circle No. 325 


Device no. Name Description 
$Q4406Q 










PLL clock generator 12 outputs (three groups 


of four) 





















5C33275 Three outputs at input 
frequency; seven at one- 

half frequency 

Six outputs at input frequency; 


eight at one-half frequency 


10-output driver 














S$C3368S 14-output driver 





CY2291 Eight outputs: four fixed, 


four configurable 


Three-PLL clock generator 










Low-skew clock buffer 





CY7B9910 (TTL), 
CY7B9920 
(CMOS) 

CY2254 


Generates eight copies, PLL for 
low skew 1 































Pentium clock 
synthesizer/driver 


14 clock outputs: four CPU, 
six PCI, one floppy, one 
keyboard, two reference 






W42C27 Dual output for Pentium and 
PCI bus 

DC to 66 MHz, each output 
drives one or two 500 lines 
14 clock outputs: four CPU, 
six PCI, one floppy, one 


keyboard, two reference 


14 clock outputs: four CPU, 
six PCI, one floppy, 
one keyboard, two reference 
14 clocks: two 2x PECL CPU, 
one TTL CPU; 10 selectable bus 
13 outputs: three CPU, seven 
PCI, one reference, one floppy, 
one keyboard 


14 clock outputs: four CPU, 
six PCI, one floppy, one 
keyboard, two reference 

17 three-state outputs: four, 
eight, five/bank 

Dual 1-to-5 output multiplexer 


CPU-frequency generator 










W40C06A Six-output buffer 












W48C60-402 Pentium/PCI bus 


synthesizer 











ICS9159C-02 Clock generator and 


integrated buffer 












ICS91 78-02 Frequency-timing 
generator for Power PC 
Frequency-timing 
generator for NexGen 
Nx586 CPU 


PC-clock synthesizer 






ICS9159-07 











IDT74FCT3907 



















PLL-based CMOS clock 
driver 

Low-skew clock driver 
for datacomm 


IDT74FCT3932 





49FCT8OST series 


















ML6500 Programmable adaptive 
clock manager 
Programmable adaptive 
clock manager 
Dual/quad-buffer 


line driver 


PLL clock, eight outputs 








ML6510 PLL clock, eight outputs 




















ML65244 Two groups of four outputs 










MC100LVE111 Low-voltage one- to 
nine-line clock driver 
Low-voltage PLL clock 
driver 


PLL clock driver 


Differential input and output, 
ECL/PEGCE 

Nine output, crystal or 
external reference 

15 outputs (Three banks of 
five each) 









MPC950 





MPC974 






















CGS74CT2524 One to four fan-out Family of four devices, 300-psec 


family clock driver output skew 
CGS700 PLL 1-to-9 CMOS Fan-out of 9 
clock driver 



















CGS2534V 
family 


Quad-memory-array 
clock drivers 


Four inputs, 16 outputs, to 
125 MHz 
















QS5917T-70T, CMOS PLL clock driver Four outputs: Q0-Q4, 2xQin, 
-100T, -133T Qin/2, Q5 
QS5805T, CMOS clock driver/buffer | 10 outputs: five inverting, 











QS52805T 
SY89424 


five noninverting 






Frequency synthesizer PLL-based, single-output 
clock to 1 GHz 

Single PECL input to four TTL 
outputs 


2-nsec range, 20-psec steps 







SY10H842 PECL to TTL one- to 
four-line clock driver 


Programmable delay line 





SY10E195 


CDC586, 3.3V clock driver 12 outputs, up to nine can be 

CDC2586 selected to run at one-half or two 
times input frequency 

CDC351, 3.3V, one- to 10-line Distribute clock to 10 outputs 

CDC2351 clock driver 
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Features 


20 to 60 MHz out; 2x, 1x, '/2x 

clock; each group: separate power-down; 
various lead/lag options 

80 MHz, 24-mA drive, 3V, internal series 
resistor 


Similar to SC3327S 


Factory EPROM custom-rate versions, 30 
frequency options, selectable shutdown, 
smooth ramping from 4 to 100 MHz 

5 to 80 MHz; 250-psec skew, 500-psec 
propagation delay, 1-nsec device skew 


3.3V, 200-psec jitter, 200-psec skew (CPU 
clocks), 500-psec skew (PCI clocks) 


3.3 or 5V, also supports Fibre Channel- 
Arbitrated Loop with 106.25-MHz output 
3.3 or 5V supply, integral oscillator, 48-mA 
drive 

3.3 or SV operation 


100 MHz (5V) or 66 MHz (3.3V), CPU- 
and bus-clock rates separately selected 


5V: 75 to 245 MHz, 3.3V: 60 to 170 MHz 


Smooth frequency transition for green 
operation, choose nine clock rates, 65 MHz 


3.3V, pin-selectable CPU clock at 50/60/66 
MHz, 200-psec skew (CPU clocks), 500-psec 
skew (bus clocks) 

3.3V, 16 programmable frequency 
configurations, up to 100 MHz 

TTL input/output; 3.3, 5V versions; selective 
shutdown; inverting, noninverting versions 


Adaptive deskew buffers via feedback, 10- to 
80-MHz range, 5-nsec deskew range 
Deskew via reflected waveform; to 130 MHz; 
3, 5V outputs 

TTL compatible, 1.5-nsec propagation delay 


50-psec output skew, 750 pulldown resistors 
Outputs to 250 MHz, output skew 350 psec 


Can switch between two source-reference 
clocks’ output ratios 1-to-1, 2-to-1, 3-to-1, 
3-to-2, 3-to-2-to-1 


5V operation, 24-mA drive, eight-pin package; 
CGS74LCT2524 series is 3V, 12-mA output 

25 to 160 MHz; 30-mA drive; outputs at 1x, 
2x, 4x reference, internal loop filter 

Various inverting, noninverting combinations; 
output structures, two output (CGS2536) 


Integral loop filter, 70/100/132-MHz clock; 
24-mA output drive 

5V, 5280x series has 250 series resistor for 
driving unterminated lines 


12.5 to 25 times crystal frequency, selectable 


24-mA output, 1-nsec pin skew, TTL, PECL 
grounds 

Can be cascaded to increase delay range, 
E196 has analog input for finer resolution 


50 to 100 MHz, CDC2856 has internal 260, 
resistor, TTL-compatible inputs and outputs 


32-mA drive, low-voltage-TTL-compatible, 
output enable control, CDC2351 has internal 
26, resistor 








Price 





$9 (10,000) 


$3 (10,000) 


$3.50 (10,000) 


rn 


$2.28 (10,000) 


$4.95 (10,000) 


$3.10 (10,000) 


i 


$1.12 (10,000) 
$1.09 (10,000) 


$2.87 (10,000) 


rr 


$2.95 (10,000) 


$6.95 (10,000) 


$2.90 (10,000) 


i 


$2.85 (10,000) 


$3.95 (10,000) 


$2.60 (10,000) 





$14 (1000) 
$24.25 (1000) 


$7 (1000) 


LS 


$20.13 (10,000) 
$10.43 (10,000) 


$13.24 (10,000) 





$1.26 to $1.90 (1000) 
$5.35 (1000) 


$5.35 (1000) 





$9.25/$11.57/$1388 (1000) 


$5.74/$6.72 (1000) 





$17.85 (1000) 
$8.75 (1000) 


$18.45 (1000) 





$8.84 (1000) 


$4.02 (1000) 
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From one crystal, a single PLL can provide all necessary clocks for a PC chip set. 


determine your maximum allowable 
jitter, as follows: 

tolerance2intrinsic skew+extrinsic 

skew+jitter 
or 
jitter<tolerance—intrinsic skew- 
extrinsic skew. 

IC data sheets and specifications for 
the various loads provide tolerance 
data and intrinsic output skew. For 
example, the Pentium specification 
requires that the clock difference 
between the CPU and the cache con- 
troller be less than 200 psec, and tim- 
ing between other system functional 
blocks has similar specifications. 
Extrinsic skew comprises the sum of 
variations in the propagation delay of a 
signal through a loaded transmission 
line with various loads plus tolerances 
in the interconnect due to manufactur- 
ing variations. Rise and fall times typi- 
cally slow by 0.5 to 1 nsec per 10 pF for 
10- to SO-pF loads. Typical values for 
interconnect tolerances range from 1 to 
50 psec/in. times the length of the 
interconnect. Ref 1 provides the for- 


mulas and IC-vendor application 
notes. 


Buffers, PLLs offer choices 

Once you design your clocks, the real 
challenge begins. Whether you need 
more clock copies, clock regeneration 
for signal integrity, or distribution 
across a multiboard system, you have 
two choices: a buffer or a PLL. Each has 
advantages and shortcomings. You 
may carefully mix both in a system for 
the best performance, cost, and relia- 
bility trade-off. Also, analyze whether a 
signal driver should drive more than 
one load. Point-to-point layout 
requires more buffers or PLL outputs 
than using one driver for multiple 
loads. However, point-to-point layout 
minimizes tolerancing from variations 
in load capacitance. Load variations 
cause timing variations, which increase 
as the number of loads on a driver 
increases. 

Buffers tend to be lower cost and eas- 
ier to use than PLLs. A single multi- 
channel buffer can handle different 
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clock signals, thus easing board layout; 
many buffers allow you to parallel their 
outputs for increased drive. In addi- 
tion, some buffers, such as Applied 
Micro Circuits Corp’s SC3368S, Nation- 
al Semiconductor Corp’s CGS2536V, 
and Texas Instruments Inc’s CDC586 
family, also provide basic divide-by-2 
functions for a half-rate output, which 
is useful for some systems. As “digital” 
functions, buffers are somewhat more 
resistant to supply-rail noise than are 
PLLs with their closed-loop operation. 

Buffers have their drawbacks, how- 
ever. For example, they have both 
propagation delay and jitter in the 
delay. They also have part-to-part and 
channel-to-channel differences. They 
also can provide only copies or half- 
rate versions of the input, so that you 
need a buffer for each clock frequency. 

PLLs offer two features that simpler 
buffers lack. Due to a PLL’s phase-lock- 
ing servomechanism, the PLL produces 
a synchronized original rather than a 
mere regenerated copy, and its output 
has zero delay with respect to the 
input. Some PLLs allow you to add 
some calibrated delay to compensate 
for delays elsewhere. In addition, PLLs 
can use internal dividers to produce 
outputs that are multiples and submul- 
tiples of a master clock, and these other 
clocks can be in noninteger ratios from 
the master. 

PLLs can also help when you don’t 
have control of critical-path signal tim- 
ing. For example, final timing specs for 
an ASIC may not be available until rel- 
atively far into the design cycle. Fortu- 
nately, a PLL can effectively minimize 
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FIGURE 3 








Stripline (a) and microstrip (b) trace layouts give you characterized impedance and 
propagation delays; typical dimensions are shown. 


within a broad span any timing error in 
the ASIC. 

Despite these virtues, PLLs bring new 
concerns. For example, noise on their 
supply rails and inputs affects PLLs 
more than it does buffers. Because PLLs 
have active, closed-loop functions, this 
noise and other noise, such as crosstalk, 
can cause “noise multiplication,” 
unanticipated modes of interaction 
and unexpected spectral components. 
Application of PLLs requires both 
designers and IC vendors to have a 
thorough understanding of the 
devices’ dynamics and characteristics. 

Although using multiple PLLs in a 
large system seems to solve many prob- 
lems, such as the need for zero delay 
and multiple clocks, subtle interactions 
can develop between the PLLs, espe- 
cially when their bandwidths are 
incompatible. Keep power rails clean 
and keep noise out. Achieving these 
goals requires good filtering, bypassing, 
and grounding. Use local power regu- 


VERIFYING YOUR RESULTS 


lation in areas in which you anticipate 
that passive techniques will not suffice. 


Collect the facts 

Whether you do your initial analysis 
with pencil and paper, a spreadsheet, or 
electronic-design-automation model- 
ing tools, you need timing data. (See 
box, “Tools and models offer help— 
with limitations.”) Manufacturer data 
sheets are vital not only for basic tim- 
ing specs, but also for information 
about delays and jitter within an IC 
and all production units of the IC. 
Here’s where you have to be careful: 
Check on the quality of this data by 
looking at test reports. Determine 
whether specs are based on samples of 
a few or many production units. Iden- 
tify which sampling techniques the 
manufacturer uses for maximum and 
minimum specs. Find out whether the 
devices come from related or unrelated 
production lots and what defines an 
“unrelated” lot. Determine how the 




















THE WORLD’S LARGEST SELECTION 





2kHz i 10GHz rom ” 


Choose from over 480 standard off-the-shelf models from 2-way to 48-way: 

O°, 90° and 180°; 50 and 75 ohms; covering 2kHz to 10GHZz. Mini-Circuits will also 
supply your special needs such as wider bandwidths, higher isolation, lower insertion 

loss, and phase matched ports...all at catalog prices with rapid turnaround time. 
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Surface mount units provide excellent solutions in cellular communications, cable systems 
and countless wireless applications. All units come with a 1year guarantee and “skinny” 
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manufacturer chooses the samples and 
how it distributes the data. Review the 
basics of statistics and reliability analy- 
sis, not to find out whether these ICs 
will fail catastrophically, but to better 
understand the meaning of the data- 
sheet numbers. 

Although you must design for worst- 
case situations, overall error buildup is 
not necessarily just the sum of the 
unrelated individual worst-case error 
values. Such simple addition may inad- 
vertently indicate the need for tighter 
tolerances or faster memory ICs or sug- 
gest a system that may work unreliably. 
Variations in skew may occur as ICs 
slow down or speed up with tempera- 
ture decreases and increases. This cor- 
relation may give you some more tol- 
erancing, following careful analysis of 
the basic data. 

Due to the unavoidable path-length 
and propagation delays in some clock 
branches, you must add some compen- 
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single load. 


sating delays in other branches. You 
can use both passive and active 
approaches, as long as you recognize 
their trade-offs. The simplest approach 
is to add some circuit-board tracks to 
lengthen the faster paths. You can eas- 
ily calculate the lag time through these 


LOOKING AHEAD 


The simplest distribution model has a series-terminated transmission line driving a 





apparently free, “serpentine” delay ele- 
ments, especially if you use transmis- 
sion-line techniques. These techniques 
are also reliable, power-supply-inde- 
pendent, fairly repeatable, and relative- 
ly low jitter compared to active devices. 

Unfortunately, even modest delays 








SPDT switches with built-in driver 








ABSORPTIVE or REFLECTIVE dc to 5GHz 


Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $14.95. So why bother designing and building a driver interface to 
further complicate your subsystem and take added space when Voie can 
specify Mini-Circuits’ latest innovative integrated components? - 

Check the outstanding performance of these 
units...high isolation, excellent return loss (even in the 
“off” state for absorptive models) and 3-sigma 
guaranteed unit-to-unit repeatability for insertion loss. 
These rugged devices operate over a -55° to 
+100°C span. Plug-in models are housed in a tiny 
plastic case and are available in tape-and-reel format 
(1500 units max, 24mm). All models are available for 
immediate delivery with a one-year guarantee. finding new ways... 
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cost significant circuit-board space, 
which is generally a precious commod- 
ity. Each nanosecond requires approxi- 
mately 6 in. (15 cm); even a few 
nanoseconds of delay in each of sever- 
al branches can quickly consume board 
space. Any layout changes in your cir- 
cuit also require recalculation of the 
serpentine traces and are another con- 
straint on flexibility. Moving the clock- 
generation and distribution ICs may 
help, but most circuit boards have 
local-noise hot and cold spots. Don’t 
make such moves casually. 

In the active approach, you can 
choose delay lines, such as the Synergy 
SY10E195. Carefully check the stability 
and repeatability of these adjustments, 
or you may add jitter uncertainty while 
correcting for skew. Any compensation 
scheme is costly if your clocks have a 
large fan-out. Another approach is to 
reduce delay by replacing a buffer with 
a PLL and recalculating system errors 
and costs. 

With so much concern about static 
delays and dynamic timing issues, 
another approach is to use adaptive 
techniques to dynamically adjust 
clock-signal timing. Micro Linear Corp 
offers ICs that provide two approaches 
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to adaptive timing. The eight-channel 
ML6500 clock manager uses a feedback 
trace from each load, which the driver 
uses to measure the timing of the pulse 
at the load and make necessary vernier 
adjustments. This approach offers a 
degree of freedom in handling dynam- 
ic errors, but it costs an additional trace 
per clock line. 

The ML6510 takes a different 
approach. It automatically determines 
the length of the trace it is driving by 
measuring the time for reflections to 
return from the end of the trace. The 
driver then adjusts a voltage-controlled 
vernier delay that sends the clock earli- 
er in proportion to the length of the 
trace. Regardless of which adaptive 
technique you use, make sure that the 
overall deskew range, resolution, and 
stability are sufficient for your circuit. 


Low voltage offers benefits 

As in many other areas, designers are 
increasingly mixing 3 and SV devices 
to reduce power consumption. This 
technique also eases IC-driver design 
and EMI concerns. Lower signal spans 
have lower noise margins, however, 
but this is not a major problem. For 
mixed-voltage systems, vendors pro- 


vide buffers that operate from a 3V sup- 
ply and that accept 3 and SV signals. 
For “green” or mobile systems, you 
may need to slow the clock or put it into 
a power-down mode. Sounds simple, 
but make sure that your clock is well- 
behaved when it accelerates to full 
speed. If the clock ramp-up is not 
smooth or too rapid, the CPU may lock 
up when the clock first appears at the 
wrong time during the transition 
sequence. Many newer clock-genera- 
tion ICs guarantee smooth acceleration. 
Reducing EMI is always an issue. 
Radiated signals can affect other parts 
of your system and produce external 
interference. Faster slew rates reduce 
clock skew and jitter, and lower slew 
rates minimize EMI. Fortunately, ven- 
dors shape driver outputs so that the 
necessary fast slew rates begin and end 
with rounded corners. These wave- 
shapes meet signal-transition specs and 
reduce sharp corners and their corre- 
sponding broad signal spectrum. 
Clock generation and distribution is 
a single-supply circuit. To accommo- 
date speeds beyond the range of TTL, 
clocks often use positive-ECL (PECL), 
which uses a 5V supply. Vendor appli- 
cation notes give details and equations 
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If you design microprocessor-based 
boards, or systems, you know that high 
emissions—EM]~—can eat you alive. Your 
designs could be affected. Or even rejected. 
And redesigns for clock schemes take time. 
And cost money. 


Don’t Lose Another Knight Redesigning 
Your Boards 

AMCC clock and timing products are 
famous for their low emissions. They'll 
shield you from certification problems. 
And, your designs will use fewer compo- 
nents, cost less, and run faster. 


Call (800) 755-2622 





You Can Live Happily Ever After @ Low skew. As low as 250 ps. 
Our SC3500 family of clock drivers provide: 


@ Patented low-noise outputs. To eliminate ringing and ground 
bounce. Fast edges rates without EMI-generating noise. 


@ High speed. Up to 80 MHz for your Power PC, Pentium, Alpha, 
and other RISC-based applications. 


@ On-chip termination eliminates extra components. @ The SC3300 family provide a 3.3V I/0-compatible solution. 
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We won’t tell you a fairy tale. Ask for a copy of our new Computer 
Products Databook. 

FAX us at (619) 450-9885. 
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6195 Lusk Blvd., San Diego, CA 92121-2793. 
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for termination resistors when interfac- 
ing TTL, PECL, and CMOS with various 
supply rails. 


Calling for help can’t hurt 

In this specialty area of clock-timing 
and -distribution ICs, where “perfect” 
digital signals meet the real analog 
world, take advantage of IC vendors’ 
application departments. Their experi- 
ence can shorten your design cycle and 
minimize your following paths that 
lead to nowhere. Some vendor-inde- 
pendent consultants also specialize in 
design, analysis, and verification of 
high-speed clock-generation and -dis- 
tribution subsystems. 

You must also decide whether to 
fine-tune each system. Adjusting each 
unit in production to minimize error 
sources and assure operation can save 
on parts cost and up-front design 
time—a viable alternative if you are 
building only a few units. It can be a 
costly decision in a higher volume 
environment, however. Besides the 
sophisticated test and adjustment 
effort in the production cycle, it means 
that units in the field may be unreliable 
if they ever have a component or sub- 
section replaced—unless the field- 
repair site can also do a tune-up, which 
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is unlikely. Your products may develop 
a reputation for being difficult to fix if 
replacing a part induces new errors or 
soft failures or requires a complex pro- 
cedure. 

However, such per-unit tuning 
shouldn’t be necessary. If you properly 
and thoroughly perform your analysis 
and take no short cuts, you should be 
able to produce and verify a reliable sys- 
tem that works by design rather than 
individual unit adjustment (see box, 
“Verifying your results”). EDN 
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Modular Contact for 
Portable Flexibility. =. ——— 
t's Standard. 







Plastic 







Optional Locator and 
Stabilizer Pins 













Optional Contact Mate 


Compatible with 
automated assembly 
processes 


Modular design - Allows 
product to grow from 2 to 6 
contacts while maintaining 
pin and contact spacing 






Now your most custom portable, hand-held 
designs have a standard battery contact solution. 










And the Bourns offering of battery contacts provides simple, 
unique alternatives too. Like low profile packaging. Optional 
contact mates. Automated assembly compatibility. Plus a modular design 


from 2 to 6 contacts. 


So let Bourns make contact for you. 
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and request document 70235. 





Expanding Your Design Horizons 


For applications assistance call: North America: (909) 781-5050; Europe: 353-021-357001; Asia: 81-3-3980-3313 


CIRCLE NO. 138 EDN JULY 6, 1995 * 45 








OVER THE PAST 
40 YEARS 
EDN HAS DELIVERED 
THE INFORMATION 
YOU NEED TO DO 
YOUR JOB MORE 
EFFECTIVELY. 


e st publication to discuss semicustom ICs as a design 




















alternative. 

e 1st publication to research and document surface-mount 
technology (SMT) with “hands-on” coverage actually 
designing and manufacturing a surface-mount PC board 

e 1st publication to write about the implications of digital signal 
processing (DSP) which led to six DSP Directories 

e 1st publication to actually design, fabricate and test a 
semicustom IC and describe the process 

e Only publication to explore comprehensive tools and 
technology of the future through the Decade 90 series 

e Only publication to provide readers with a free Bulletin Board 

e Only publication to publish an annual microprocessor 
directory — 21 and counting 

e Only publication to regularly complete hands-on projects — 

16 and counting 

e Only publication to exclusively employ engineers as technical 
editors 

e Only publication to sponsor an annual awards competition for 
excellence and innovation in the electronics industry: the 


EDN Innovation Awards — 5 years and counting 
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SO WHAT HAS EDN 
DONE FOR YOU 
LATELY? 


e Cooling Hot Microprocessors 





by Dan Strassberg, January 20, 1994 
e “Electromagnetic Compatibility Special Supplement” 
January 20, 1994 
e Wiring the World with ATM 
by Richard A. Quinnell, March 3, 1994 
e Probing the Limits of Logic Synthesis 
by Ray Weiss, March 17, 1994 
e New Chips Give PCs TV-Quality Video 
by Gary Legg, March 31, 1994 
e Power ICs: Weighing the Benefits of Integration 
by Ane Watson Swager, July 7, 1994 
e Fuzzy Logic Design Tools Help Build Embedded Systems 
by Gary Legg, July 21, 1994 
e Synchronous Memories 
by Richard A. Quinnell, August 4, 1994 
e “Project Ploughshare: Putting Military Technology to Other 
Uses”, August 18, 1994 
e CDPD Network 
by John Gallant, October 13, 1994 
e Shooting-Down the True Lies in FPGA Benchmarking 
by John Cooley, October 27, 1994 
e “Green Design Issue”, November 10, 1994 
e “Hot 100 Products 1994”, December 8, 1994 
e DRAM Annual Report 
by Markus Levy, January 5, 1995 
e Cache Memory Special Report 
by Markus Levy, January 19, 1995 
e §=6©Plug ‘n Play 
by Dan Strassberg, March 2, 1995 
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System and Costs 
under Control 


Always start adding up your system 
costs with a look at the performance of 
our C500 family of powerful 8-bit micro- 
controllers. It gives you fast processing 
speed, low supply voltage, minimal 
power drain, plus full 8051 
compatibility. 

Up in the 16-bit class don't 
decide without first sizing up 
the C166 family with superb 
computing performance com- 
bined with unmatched real- 
time response, making It the 
reference class worldwide — 
whatever the competition. 


: And because both families 
\Wilfelaeteelaleaeliiaias are modular and come with an 
established and reliable mix 
of intelligent peripherals, you can forget 





C165: With its superior 
price/performance ratio, 


it’s truly the reference class all the expensive extras and overheads. 
for 16-bit controllers with 

ay ote wetalction eval Naturally, fast results count too. So you 
time and an unbeaten 40 ns always get first class service and support 
reaction time to interrupts. all-round — from us and our selected part- 


ners. From ‘C’ compilers through debug- 
gers to optimized realtime emulation we 
give you the kind of technical back-up 
that really makes the difference in your 
application. 


So, add up all the benefits and only one 
name will show through clearly. 


Just fax us on +49-911-300 12 38 
quoting “Info Service HL 9144" and 
we'll put you in the picture. 7 


Global PartnerChip 
for Systems on Silicon. 
Siemens 
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Long SCSI connections were a problem until we 


began developing active terminators to satisfy 


MODEL OWN DLTD) 


just about any SCSI termination concern. 

Take a look at our latest, the UCC5606/5614 
family of 9-Line 3-5V SCSI Active Terminators. 
The UCC5606 and UCC5614 are ideal for high 
speed fast 20 and battery powered systems with 
their ultra-low channel capacitance of 1.8pF and 
a supply current of 1mA. During disconnect, the 
UCC5606 and UCC5614 supply currents are only 
0.5y/A - keeping it really low! 


For free samples of our latest SCSI terminators 
give us a call today. You name the number 
of lines, and we'll provide the application 


INTEGRATED 
CIRCUITS 


information to meet your design’s requirements. 





In Fast SCSI Terminators 


_ Again 


The UCC5606 and UCC5614 


@ Low Voltage Operation, 2.7V - 7V 


@ 110 Ohm/2.5k Programmable 
Termination 


@ Complies with SCSI, SCSI-2, 
SCSI-3 Fast 20 


¢@ Supports Hot Swap 

@ 400mA Sink/Source Regulator 
@ Adaptive Termination 

@ Logic Disconnect UCC5614 

@ Logic Disconnect UCC5606 


@ 9-Line Termination 


am UNITRODE 


CIRCLE NO. 8 
TEL: (603) 429-8610 
FAX: (603) 424-3460 
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DAN STRASSBERG, 


Using a notebook PC for 
data acquisition can alter 
your whole concept of 
experimentation. What was 
a tedious, iterative process 
becomes a dynamic, interac- 
tive one. When the same PC 
that controls data acquisi- 
tion reduces the data and 
displays the results, you can 
learn immediately what 
happens when you change 
test conditions. 

Until recently, though, 
bringing a PC to an experi- 
ment more than a few feet 
from your lab bench was, at 
best, inconvenient. Despite 
the existence of notebook 
PCs, virtually the only 
portable PCs that could 
acquire data at speeds faster 
than about 5k samples/sec 
were “luggable” ac-powered 
units weighing over 20 lb. 

Data-acquisition products 
designed for notebook PCs 
began to appear about two 
years ago. Some of these 
products are external units 
about equal in size to the 
PCs themselves; others are 
credit-card-sized PCMCIA 


results in a hurry. B 
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cards that plug into slots on 
the side of most modern 
notebooks. 

Software kinks plagued 
early PCMCIA data-acquisi- 
tion cards. Vendors have 
resolved many of the prob- 
lems, and data-acquisition is 
preparing to join the 
portable-electronics revolu- 
tion. Competition is heating 
up; different companies’ 
products often look quite 
similar. But don’t be fooled. 
To find hardware and soft- 
ware that play together well, 
ask pointed questions and 
pick vendors that supply 
good answers. (See box, 
“PCMCIA: A little caution 
saves a lot of grief.”) 

Nearly all PCMCIA data- 
acquisition cards are the 5- 
mm_-thick Type II size. Most 
notebooks accept two Type 
II cards. Generally, the specs 
of PCMCIA data-acquisition 
cards don’t quite equal those 
of similarly priced boards for 
desktop PCs, but many cards 
compare well with portable 
data loggers that lack the 
processing power to reduce 
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Signal termination and conditioning are as much a part of 
data acquisition as A/D and D/A conversion and translation 
of relay-contact status into logic levels. Strawberry Tree's 
DataShuttles (from $995) represent a class of parallel-port 
attachments that handle the full spectrum of data-acquisi- 
tion-system functions. 
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NOTEBOOK-PC DATA ACQUISITION 


data. The “For free information...” box 
lists vendors of PCMCIA data-acquisi- 
tion cards and of external data-acquisi- 
tion attachments that connect to note- 
book-PC parallel ports. 


Small size, big features 
Most analog-input PCMCIA cards 
have 16 single-ended inputs (eight dif- 


ferential) with software-programmable 
gain and four unipolar or bipolar full- 
scale ranges from ~1 to 10V. Resolution 
is 12 bits. Triggering can come from 
software or from an external source. 
The cards usually also offer four to 
eight digital I/O lines and a coun- 
ter/timer. A/D-conversion speeds start 
at 30k samples/sec. Most vendors offer 
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models that take 100k samples/sec, 
although a few run faster; the top speed 
is currently 140k samples/sec. A few 
cards provide 16-bit resolution. Some 
cards accept low-level (10-mV full- 
scale) inputs. Some even provide cold- 
junction compensation for thermo- 
couples. 

Only a few analog-input cards also 





| When you ise a . PCMCIA card into a PC, you set in motion 
~a chain of events that you aren’t even supposed to notice. 
Indeed, if everything works as intended, you won’t be aware 
of the complex drama that the PCs’ hardware and software 
are playing out. Unfortunately, the script is quite complex, 
_ and its many plot twists and subplots can confuse the actors. 
Sometimes, they forget their lines. However, if you think of 
- yourself as the director and exercise a little care at the out- 
set, you can keep the finale from resembling the last act of 
~ Hamlet. 

Begin by becoming acquainted with the cast of characters. 

- Among the key players are software modules called “socket 
services” (SSs) and “card services” (CSs), which reside on the 
PC's hard disk and load into. 
/ RAM at boot time. Most _ 
| notebooks shipped in the | 
past 18 months have PCM- | 
CIAV2.0 or 2.1 SSsandCSs | 
_on their hard disks. SSs act as | pacer 
| a driver for the ICs on the | ppt OO oe 
- motherboard that interface | : 
-with the PCMCIA sockets. | 
_CSs begin to act when you: _ 
plug in a PCMCIA card (or § 
_when you power up a sys- 
-tem with a PCMCIA card | | 
- plugged in), b but CSs do not Dl 
/ work acne a 
_ Another member of the: 
cast is a software module 
called a “generic enabler” 
(GE), or “super client.” The 
- company that supplies the 
























example, with the NI-DAQ driver set that National Instruments 
furnishes with LabWindows/CVI and LabView. Sometimes, the 
DOS Autoexec.bat file installs the driver each time you boot 
the PC. 


The application contains a driver, too 

In most cases, there is yet another driver. It is part of the - 
data-acquisition application or application-development 
package. Examples of such packages are TestPoint from Cap- 
ital Equipment Corp (Burlington, MA), DT-VEE from Data 
Translation, Snap-Master from HEM Data (Southfield, Mh), 
Visual Designer from Intelligent Instrumentation, Labtech 
Notebook from Laboratory Technologies (Wilmington, MA), 
LabView from National — 
Instruments, and DasyLab 
from NewWorld Resources 
(Amherst, NH). 

Often, the application dri- 
ver is not specific to a card 
but is general enough that 

an application you write for, 
say, an ISA bus board can run 
unmodified on a PCMCIA 
card. However, to get an 
application to run with spe- 
cific hardware, you must 
configure the application to 
talk to the correct hardware- 
specific driver or the correct 
portion of a DLL driver set. 
The proponents of PCM- 
CIA describe the bus as 


GE, usually the PC manufac- 


| turer, customizes the GE for | 
_ the PC’s hardware. GEs for 
- similar but not identical PCs 


Senptels of PCMCIA data- -acquisition cards eee a vas of 
devices for terminating the field wiring from transducers and 
other signal sources found in data-acquisition setups. This 
unit from Intelligent Instrumentation includes cold-junction 


“olug-and-play,” which it is 


if everything works correctly. 


But, even when everything 


works correctly, a PCMCIA 


data-acquisition — card 


_ from the same manufacturer 
can differ from each other. 2 
~ Most vendors of PCMCIA data-acquisition cards provide a 
_ hardware-specific driver for each card. You install this driver by 
_ running an installation program that the card vendor supplies. 
- Sometimes, this driver is part of a set of drivers constituting a 
_ dynamic-link library (DLL) that one or more Windows-based 
- data- cucue een: application packages use. This is the case, for 
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compensation for up to seven thermocouples. 


doesn’t necessarily work in 
both of a notebook PC’s PCMCIA slots (or all slots on units that 
have more than the usual two Type II slots). Usually, you must © 
configure the application software to look for the card in the. 
correct slot. Data Translation has gone to great lengths to 
make sure that the software that supports its PCMCIA cards 
automatically recognizes the cards and properly supports 
them wherever you plug them in. | 





provide DAC outputs. You can buy 
cards whose primary function is DAC 
output, however. Some of these cards 
combine DACs and digital I/O lines, 
Other cards that lack analog inputs 
offer several counter/timers and digital 
I/O lines (24 are typical). Prices range 
from under $200 for purely digital 
cards to almost $700 for a 16-bit, eight- 
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channel, 50k-sample/sec, analog-input 
card. Prices of 12-bit cards range from 
just under $300 to almost $600. 
Although PCMCIA cards represent 
the current state of the art in miniatur- 
ization of PC-based data-acquisition 
hardware, other types of notebook-PC 
data-acquisition equipment do exist. 
Units that connect to RS-232C ports 


date back to the days of minicomput- 
ers. There are scores of vendors and 
models, but no RS-232C unit operates 
any faster than the serial port to which 
you connect it. At 115.2 kbps—very 
fast for an RS-232C port—a unit can 
transmit no more than 7.66k 12-bit 
samples/sec. Most units are much slow- 
er, although a few capture data bursts at 





Now that we’ve met the players, we can try to follow the 
action. When you plug in a PCMCIA card or power up a PC 
with a card already plugged in, the GE, working in conjunc- 
tion with CSs, attempts to identify the card. Identification con- 
sists of determining the manufacturer, the card function, the 
specific card type, and the resource requirements. These 
requirements include interrupt lines as well as the base address 
and the range of addresses in the PC’s I/O space that the card 
uses to communicate. In most cases, after properly determin- 
ing the resource needs, the GE and CSs leave the scene and 
let the card manufacturer’s hardware- -specific driver interface 
with Ss. 


A case of mistaken identity 

Complications often arise, though. In many cases, the GE 
causes CSs to misidentify the PCMCIA card. In such cases, the 
card vendor’s driver must try to persuade CSs to determine the 
resource requirements again—this time, correctly. The alterna- 
tive is to override the GE and use resources designated in the 
_ hardware-specific driver. The problem with this approach is that 
_ it can lead to some of the difficulties that were common with 
card-specific enablers (CSEs), the predecessors of CSs and SSs. 

CSEs, which came from either card or PC vendors, allowed 
you to run one or a few types of PCMCIA card. CSEs’ most 
notable problem was that their installation often caused some 


_ PCMCIA cards that once worked to stop working. Particularly 


under DOS (which, unless modified, does not support mem- 
ory beyond 640 kbytes), CSEs would sometimes use so much 
memory they could keep you from running applications that 
ran before you installed the CSE. 

The last part of the drama unfolds when you unplug a card. 
Whenever a PCMCIA card is in a PCMCIA socket, it connects 
several pins, thereby holding one of the I/O lines at ground 
potential. When you remove the card, a resistor pulls this line 
toward V_.. The support chips in the PC detect when this line 
goes high ‘and generate a signal indicating that the card is no 
longer in place. SSs then start a sequence that informs the 
operating system and any one applications that the card 
is no longer present. | 


Before you buy, do this... : 

To improve the chances that a PCMCIA card will work as 
advertised in your PC, do the following before purchasing a 
card: 

@ Find out if the card vendor knows that the card works in 


your PC. Knowing involves more than just guessing. If you 
haven't yet purchased the PC, see if you can get the card ven- 





dor to provide a list of PCs known to work with the oe ven- | 
dor’s cards. | 
@ Remember that the PC vendors name and model name 
may not adequately identify the PC to the PCMCIA card ven- | 
dor. Be prepared to supply the card vendor with additional | 
information, such as whether the PC vendor preinstalled S35 | 
and CSs on the PC. | 
@ Know the name of the BIOS vendor, the BIOS revision num- | 


- ber or revision date, and the name of the vendor of the PC’s 


PCMCIA chip set. If the PC’s documentation doesn’t provide 
this information, you may have to get it from the PC manufac- 
turer’s technical-support department. 

@ Use aversion of SS that supports your chip set. Because PC | 
vendors customize SSs for PCMCIA chip sets, turn first to the 
PC’s manufacturer (not to the publisher of CSs and SSs) to | 
obtain CSs and SSs. 

@ See if the card vendor will send you software to test the PC | 
for compatibility if the card vendor isn’t sure that the card and 
the PC are compatible. Ideally, you shouldn’t have to pay for | 
this software. Data Translation provides such software free. 

@ Alternatively, see if the card vendor will sell you the card | 
with a money-back guarantee. That is, if you can’t make the | 
card work, the vendor provides a return-material authoriza- 
tion, you return the card, and the card vendor does not bill | 
you. | 
@ When you unpack the card and complete the software | 
installation, make sure that applications that ran previously still 
run and that other PCMCIA cards that worked previously still | 
work. 
@ Make sure that the driver in your data-acquisition applica- | 
tion or application-development package interfaces correctly | 
to the PCMCIA card vendor’s hardware-specific driver. If you 
buy the card and the application software separately, make | 
sure that each of the vendors knows that the drivers are com- | 
patible. | 

@ Don’t assume that using a “name-brand” PC precludes | 
problems or that using a little-known brand of PC invites trou- | 
ble. One PCMCIA data-acquisition-card vendor supplied EDN | 
with a list of over 140 PCs. The list includes PCs known to work | 
with the vendor's cards, PCs that don’t work, PCs that proba- | 
bly work (but haven’t yet been tested), and PCs that may not 
work. The size of a PC’s manufacturer appears unrelated to the | 
PC’s degree of compatibility with this vendor’s cards. 
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high speed and store them internally 
for serial transmission to the host PC. 

Table 1 compares the speed of sever- 
al buses and ports that can connect 
data-acquisition devices to PCs. The 
table indicates the bus or port speed, 
not the speed of the data-acquisition 
hardware (the ADC, for example). 
Moreover, most data-acquisition units 
resolve 12 or 16 bits. Transferring a sin- 
gle reading usually takes 2 bytes. (A 12- 
bit unit could transfer two readings in 3 
bytes, but few do so.) 

Many PCs introduced in the past 
year have an enhanced parallel port 
(EPP) rather than a standard (Centron- 
ics) port. Data-acquisition units 
designed to connect to Centronics 
ports work equally well with EPPs. The 
EPP is backward-compatible with the 
two-decades-old Centronics standard 
but offers better two-way communica- 
tion and is faster when operating with 
equipment designed to take advantage 
of its speed. 


Faster than a speeding ADC 

The speeds of the EPP, the IEEE-488 
bus, and the PCMCIA bus fall in a range 
of about 3:1. Unlike RS-232C and Cen- 
tronics ports, these ports and buses are 
faster than most of the data-acquisition 
units you can connect. For example, 
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TABLE 7— BUS AND PORT eo 


RS-232C 

Standard parallel port 
EPP | 
IEEE-488 


TES kbytes/sec a 

180 kbytes/sec 

800 kbytes/sec _ 

1 Mbyte/sec (faster with sort cables or FE 


implementations) 


PCMCIA 
ISA bus 


1.5 to 2.5 Mbytes/sec oF 
2t to 2.5 Mbytes/sec (depends strongly on the Ao : 


Note: Most cards use 12- or 16-bit ADCs, so one neeia usually takes 2 bytes, although it” 
is technically feasible for software to pack two 12-bit boos into 3 ice (Data Se 


of |Otech) 


despite the PCMCIA bus’s 2.5-Mbyte/ 
sec maximum transfer rate, only a few 
PCMCIA ADC cards acquire more than 
100k samples/sec. 

Similarly, when connected to EPPs, 
nearly all parallel-port data-acquisition 
units that were designed to take advan- 
tage of EPP speed run only as fast as 
their ADCs allow. The EPP is faster than 
12- or 16-bit ADCs with a top speed 
below 350k to 400k samples/sec. When 
you use a Centronics port to connect a 
unit designed for the EPP, the unit 
functions but runs more slowly than it 
does on an EPP. 

Many parallel-port units replicate 
the PC’s printer port. Therefore, you 
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don’t have to disconnect the data- 
acquisition unit to connect a printer. 
The data-acquisition-unit driver inter- 
cepts messages intended for the print- 
er. Before passing those messages to the 
PC’s parallel port, the driver sends sig- 
nals through the port. These signals 
stop data acquisition and make the 
external unit echo to the printer any 
signal from the PC and echo to the PC 
any signal from the printer. 

Vendors of parallel-port data-acqui- 
sition attachments include Datagq, 
IOtech, Intelligent Instrumentation, 
National Instruments, Omega, and 
Strawberry Tree. Prices for units with 
eight differential analog inputs and 12- 


For free information c on n the notebook-PC data-acquisition products discussed i in this article, circle the appropriat 
paid Information Retrieval Service card or use EDN’s Express Request service. When you contact any of the ee companies direc 
please let them know you read about them in EDN. 


Notes: 
| Ce Supplies PCMCIA data- 
acquisition cards. 
E=Supplies external data- 
acquisition units—in all cases for 
parallel ports, and in several 
cases, for the IEEE-488 bus as 
well. 


Asnecican Advantech corp 
Sunnyvale, CA 

(408) 245-6678 

Circle No. 301 


Computer Boards Inc< 
Mansfield, MA 

(508) 261-1123 

‘Circle No. 302 oo 


Data Translation Inc Le 


| Marlborough, MA - oO 
(508) 481-3700 — 
Circle No. 303 — 
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_ Akron, OH 
(216) 668-1444 
Circle No. 304 


Intelligent Instrumentation‘ ® 
~ Tucson, AZ 

(520) 573-0887 
Circle No. 305 


— 1Otech Inc©F 

~ Cleveland, OH 

(216) 439-4091 
Circle No. 306 © 


Keithley Metrabyte©® 
~ Taunton, MA 

(508) 880-3000 
: ‘Circle No. 307 


National Instruments Carpe 
__ Austin, ™ 

— (512) 794-0100 

Circle No. 308 


_ Stamford, a 
(203) 359-1660 
Circle No. 309 


Quatech Inc° 
Akron, OH ~ 
(216) 434-3154 
Circle No. 310 


Soltec Corp‘ 
San Fernando, CA 
(818) 365-0800 
Circle No. 311 


einéca tie Inc™ 


Sccwtierty 4 ee nc 
_ Sunnyvale CA .—ssi“‘(éiwié# 
((408)7366800——i—= 
Circle No. 312 
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Please also | use the Information 
Retrieval Service card to rate 7 
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Low Interest 592 
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| For more information on note 
> tion products available from al 
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It's got to be simpler. 
It's got to be faster. 
It's got to be more highly integrated. 


eee eee roe 


etd PEE 


REMOTE DATA LOGGING POWER METERING PPOCESS CONTROL 


It's got to be Crystal. 


Crystal’s SMART Analog™ ADCs mean simpler, faster 
designs—crucial parameters when your system has to 
master real-world applications today. 

Specifically, Crystal Semiconductor’s 5504 series of 
delta-sigma A/D converters has revolutionized the data 
acquisition industry. These highly integrated chips are 

: key to reducing design time, increasing 
performance, lowering costs and still 
getting to market first. 

The 5504 series features 
Crystal’s proven SMART Analog 

approach to delta-sigma technology, 
which reduces external component requirements to 
near zero. On-chip digital filtering delivers clean signal 
processing. And the 16- or 20-bit resolution delivers 
higher accuracy. Much higher. 

There’s a full range of solutions, including on-chip 









Crystal Semiconductor (UK) Ltd. 
Spectrum Point, 297 Farnborough Road 
Farnborough, Hampshire GU14 7LS 
Ph: +44 (0) 1252 372762 
Fax: +44 (0) 1252 372763 
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HANDHELD INSTRUMENTATION 


instrumentation amplifier and multiplexers allowing up 
to 200 samples/second per channel. And the lowest 
power, smallest package, lowest cost 16-bit chip. 

Call now for more information on the 5504 series 
and evaluation kit: 1-800-888-5016 (or 1-512-445- 
7222). See why it’s got to be Crystal’s ADCs for your 
data acquisition design project. 


For real-world demands, it's got to be the 5504 series. 
Output 


Resolution Number of Update Rate 
(bits) Channels (samples/sec.) 

CS5504 20 2 20/200 
CS5505 16 4 20/100 
CS5506 20 4 20/60 

CS5507 16 1 20/100 
CS5508 20 1 20/60 

CS5509 16 1 20/200 


Crystal Semiconductor 
Muhlfelder-Strasse 2 
D-82211 Herrsching, Germany 
Ph: +49 (8152). 40088 
Fax: +49 (8152) 40077 
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bit, 100k-sample/sec ADCs begin at 
about $700. Although PCMCIA cards 
that offer similar performance are 
smaller and less expensive, external 
units can appear attractive when you 
consider their expansion capabilities 
and the cost and size of the signal-con- 
ditioning and -termination panels you 
often need with the cards. 

Several vendors, such as [Otech, 
have developed instrument-sized data- 
acquisition units that connect to the 
IEEE-488 bus. PCMCIA IEEE-488 inter- 
faces now let you attach such units to 
notebook PCs. A PCMCIA IEEE-488 
interface adds roughly $200 to such a 
data-acquisition unit’s cost. Despite 
that cost, you may prefer IEEE-488 if, 
in addition to doing data acquisition, 
you are also controlling one or more 
instruments. Today, most test-applica- 
tion-development packages let you 
treat IEEE-488 instruments just like 
other data-acquisition hardware. How- 
ever, you can still program IEEE-488 
devices with ASCII strings. People 
devoted to that approach may prefer 
TEEE-488. 


ISA—still the standard 

The ISA bus appears in the table 
mainly for reference; ISA is the stan- 
dard for desktop-PC data-acquisition 
boards. Standard notebook PCs don’t 
accept ISA bus boards, but external 
attachments (from Keithley Metrabyte, 
among others) let notebooks use such 
boards. The speed of the port that con- 
nects to the external unit determines 
how fast the cards can run. Keithley’s 
DacPacs connect to the high-speed 
ports that several popular notebooks 
normally use to attach to desktop dock- 
ing stations. This arrangement lets the 
cards run at full speed. A unit that costs 
$1199 holds two two-thirds-length 
boards; a unit that costs $1499 holds 
two full-size boards. Both units include 
NiCd batteries. 

Keithley Metrabyte also sells 
ruggedized FieldPCs that accept ISA bus 
boards internally and run them at full 
speed. These PCs resemble notebooks, 
but are both larger and heavier. Still, 
you may find these computers (from 
$9869) more convenient to carry than 
notebooks with separate data-acquisi- 
tion units. 


58 = EDN July 6, 1995 





BME | Desicn Feature 


Fag 
SS 
je 
~~ 
ns 
y 





This industrial PC from Keithley Metrabyte with- 
stands hostile environments. Though larger, heav- 
ier, and more costly than typical notebooks, it 
includes many features lacking in a standard note- 
book—for example, the ability to mount ISA bus 
data-acquisition cards inside and to run them at 


full speed. 


Because PCMCIA data-acquisition 
cards operate from notebook PCs’ bat- 
tery power supplies, the cards simplify 
data acquisition where no ac power 
source is handy. Vendors of PCMCIA 
data-acquisition cards sometimes heav- 
ily promote a card’s low power con- 
sumption. When acquiring data, some 
analog-input cards draw almost five 


times as much power as oth- 
ers do. (In standby mode, all 
cards draw reduced power, 
but even standby power 
drain varies.) 

The differences among 
cards’ power drains aren’t as 
significant as they might 
seem, however. The highest 
power cards draw less than 
0.5W. A typical notebook 
draws about 1O0W. Hence, a 
battery charge lasts almost 
as long with a high-power 
card as with a low-power 
one. But, when you evaluate 
notebook PCs, make sure 
that power dissipated with- 
in the PC does not exces- 
sively warm the PCMCIA 
slots. High temperatures can 
cause leakage and drift that 
degrade data-acquisition 
cards’ performance. 

Unlike PCMCIA cards, 
not all external data-acquisi- 
tion units run from batter- 
ies. Of those that do, some 
use separate battery packs 
that increase the number of items and 
the weight you must carry. 

External units offer considerably 
more flexibility than do PCMCIA data- 
acquisition cards, however. External 
units often run faster and accommo- 
date more channels, and many units 
provide DAC outputs in addition to 
(continued on pg 61) 
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you need. 





Condor’s medical D.C. Our medical switchers and linears meet 


ower su i every international safety requirement, 
P ppl EN AEEE including IEC601, VDEO750, UL544 


4 
the world’s toughest CSA1402-3 and CSA22.2 No. 125. Only 
safety standards. Condor combines full agency approvals 
. with so many great features, including: 


- 38 single- and multiple-output linears 

-44 multiple-output switchers 

* More than 200 modified and custom 
medical designs (with all agency 
approvals) 

* Leakage current less than 60uA 
(switchers) or 8A (linears) 

- Meet FCC20870, Class B and VDE0871, 
Class B with patented low-leakage filter 

* Worldwide AC input ranges 





When reliability counts, 
we have the power supplies 





- Industry-standard packages 
* 100% burn-in/2-year warranty (switchers) 
- 100% burn-in/3-year warranty (linears) 
- Tested I.C.’s and 105 °C capacitors 
used throughout 


Condor also offers complete design and 
manufacturing capabilities for custom 
medical units, with 100% success in 
obtaining required worldwide agency 
approvals. For safety, quality and 
reliability, look to the world leader in 
medical D.C. power supplies—Condor! 


WORLD CLASS RELIABILITY 





Condor D.C. Power Supplies, Inc. - 2311 Statham Parkway, Oxnard, CA 93033 + (805) 486-4565 + 1-800-235-5929 (outside CA) 
FAX (805) 487-8911 + Send for our catalog, or see us in EEM. 
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Challenge Your. 
Next FPGA To... 


.. do what never could be done before.. . 
Always route your design. . . and do it automat- 


ically while holding fixed pinout and path timing. 





With QuickLogic’s 100% routability guarantee, 
development dollars don't go to waste on costly 
board spins. Abundant use of the small, 
metal-layer ViaLink® antifuse ensures we can 
provide more interconnect wire than youll need 
to hold a pinout during design exploration. 


Path timing fluctuations are minimized by 
this high-speed, ultra-low impedance 
ViaLink antifuse, which implements a 


Datapath benchmark at over 160 MHz. 


Combine this fast, flexible routing capability 
with our superior QuickWorks™ tool suite to 
create a better product and get it to market faster 
than ever before. Call us for a $99 QuickWorks 
eval kit, complete with all the tools needed to 

enter, analyze and synthesize your design. 


Challenge us to get your product to market faster. 
Call 1-800-842-FPGA (3742) or email: 
info@qlogic.com for a Quick response. 

In Europe, call +49 (89) 899 143 28 or Fax +49 (89) 857 77 16. 





QuickLogic’s new fully PCI compliant 8,000 usable gate device 
outperforms so called “10,000 gate” devices! 


an 
QUICKLOGIC 


Leading The Revolution in FPGAs 


©1995 QuickLogic Corporation. QuickLogic and ViaLink are registered 
trademarks and Quick Works is a trademark of QuickLogic Corp. All other 


trademarks are properties of their respective companies. 


Synthesis by Synplicity, Inc. CIRCLE NO. 218 
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analog inputs and digital I/O points. 
(The DAC outputs, a standard feature 
of ISA bus analog-input boards, are 
uncommon on PCMCIA versions.) 
Often, too, external units’ counter/ 
timer and triggering facilities are more 
flexible than those of PCMCIA cards. 

Many external units also accept sig- 
nal-conditioning circuits that convert 
the low-level outputs of popular trans- 
ducers to the high levels that most 
data-acquisition cards’ analog inputs 
need. In some cases, the signal-condi- 
tioning circuits also provide transducer 
excitation and input-to-output ohmic 
isolation. 

Some external units incorporate sig- 
nal-termination blocks. Most users of 
data-acquisition equipment find sol- 
dering or crimping of connectors onto 
transducer wiring (field wiring) imprac- 
tical. These users prefer screw-terminal 
blocks or other connection hardware 
that accepts individual wires. With 
some of these wiring devices, you don’t 
even need to use a screwdriver. 

PCMCIA cards are much too tiny 
and thin to accept field wiring directly. 
All vendors offer separate signal-termi- 
nation units (STUs) for field wiring. A 
prewired cable runs from the STU to a 
miniature connector that forms the 
outer edge of the PCMCIA card. STUs 
vary considerably in size and in the 
range of wire sizes they accept. Some 
vendors include the price of one STU in 
the price of a card, but you are likely to 
want extra STUs, which cost from 
under $50 to over $200 each. Differ- 
ences among STUs justify this wide 
price range. 

STUs can be handy if the transduc- 
ers’ signals are directly compatible with 
the data-acquisition system’s inputs. 
You may want to wire several STUs to 
different parts of your test setup and 
take advantage of the data-acquisition 
system’s portability. You can carry a 
notebook PC around the setup and 
plug each of the STU cables in turn 
onto the PCMCIA data-acquisition 
card, gathering a few seconds or a few 
minutes of data at each stop. 

When signals require conditioning 
to make them compatible with data- 
acquisition-system inputs, a PCMCIA 
data-acquisition card’s advantages over 
an external data-acquisition unit are 


less clear. One way to use a PCMCIA 
ADC card in such situations is to 
deploy manifolds of signal condition- 
ers around the test setup in place of 
STUs. The manifolds of signal condi- 
tioners cost much more than STUs, 
however, so this approach isn’t neces- 
sarily economical. 

Alternatively, you can move a mani- 
fold of signal conditioners around with 
the notebook PC. To connect the trans- 
ducers to the manifold, you probably 
should use an STU that you can plug 
into the manifold. Such an arrange- 
ment avoids the need to shut down the 
experiment to connect the data-acqui- 
sition system. However, when you 
carry around a setup that includes a sig- 
nal-conditioner manifold, you’re trans- 
porting a system that’s about as large 
and heavy as one based on an external 
data-acquisition unit. Moreover, if 
both systems use plug-in STUs, the sys- 
tems are equally easy to connect. 

Compared with personal comput- 
ing, and especially with notebook PCs, 
the pace of change in data acquisi- 
tion—at least on the hardware side— 
appears glacial. But the marriage of 
portable computing and data acquisi- 
tion has permanently changed data 
acquisition. PCMCIA data-acquisition 
cards are a stunning development. 
External units for notebook PCs, 
though lacking in some of the tiny 
cards’ futuristic flavor, can be equally 
useful. When all questions require 
answers yesterday, portable data-acqui- 
sition equipment often offers the only 
hope of getting the necessary informa- 
tion on time. EDN 
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DAQValue 


Portable Data 
Acquisition 






Performance 
and Portability —_ 
We Give You Both. 


DAQPad™-1200 
e Parallel port interface 
¢ 100 ksamples/s 
© 8 analog inputs, 
2 analog outputs, 
24 digital I/O lines, 
3 counter/timers 
¢ DC power, optional battery pack 


DAQCards™ 
e Type II PCMCIA cards 
e 100 ksamples/s 

e 16 analog inputs 
e 24 digital I/O lines 
e 2 counter/timers 


SCXI 

¢ Parallel port or 
PCMCIA interface 

e Signal conditioning 
and data acquisition 

e Expandable to 128 channels 

¢ DC power, optional battery pack 


Software 
e NI-DAQ® driver 
software for: 
— LabVIEW® 
— LabWindows®/CVI 
— Basic, C/C++, Visual Basic, Pascal, 
and many more 


Call for FREE 
DAQ Designer™ Software 
(800) 433-3488 (U.S. and Canada) 


we NATIONAL 
> INSTRUMENTS 


The Software ts the Instrument® 


Tel: (512) 794-0100 
Fax: (512) 794-8411 
Come to NI Week, July 23-28 


© Copyright 1995 National Instruments Corporation. All rights 
reserved. Product and company names listed are trademarks or 
trade names of their respective companies. 
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[ WHAT'S IN A NAME? 


This device’s High-Density Complementary Metal Oxide 
(HCMOS) manufacturing process provides speed, low power 


consumption and a wide variety of operating voltage ranges. 


The number that got things rolling. Motorola’s industry When you seek an EPROM device with 

standard, microcontroller/microprocessor family architecture. One Time Programmable (OTP) memory 
technology, 7 is your lucky number. The 
OTP emulates the ROM version. 





Meeting customer needs is the (COP) watchdog system, and a price 
name of the game for Motorola’s of less than $1.00 when ordered in 
Customer-Specified Integrated high volume. 


Circuit (CSIC) design methodology. There's even a 68HC/05JIA 
Our new 8-bit OTP device, the development kit to get you started. 
68HC705JIA, is a prime example. Introductory-priced at $99% And 
The 68HC705JIA has it all. Code —_ available only at your local distrib- 
security, keyboard interrupt, a utor. Plus, as an extra incentive, we re 
Computer Operating Properly having a customer design contest that 
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The first device in the J-series. A proven low cost and low power consuming solution in a 20-pin 
package with 14 bi-directional I/O lines, 1.2K bytes of EPROM and 64 bytes of RAM. This one’s 
enhanced CPU core has a 15-stage multifunctional timer. A real winner for 8-bit applications. 


> Ces 








SE ee 


A 68HC05 family member, a.k.a. the world’s most popular 


line of 8-bit microcontrollers, with more than 180 versions. 


gives you an opportunity to be award- 
ed a brand new Ford Explorer™ 
The versatile 68HC705JIA. The 
perfect device for logic and 
mechanical replacement in indus- 
trial, communications, computer, 
automotive applications, and more. 


And remember, for all your micro- - 


controller needs, we offer more than 


180 CSIC-based 68HC05 solutions. 


Or well design a custom derivative 
to meet the specific needs of your 
high-volume design. Quickly. 
Efficiently. And cost-effectively. 

World-class microcontroller 
solutions. By any other name, 
they're just not Motorola. 

To reserve your development kit 


So 


Loaded with special “Grade A” enhancements, 
including outputs that directly drive LEDs, and 
software programmable pulldowns on all I/O pins. 


and to receive an entry form, rules 
and details about the design contest, 
contact your local Motorola 
distributor. Or for more 
information on the 68HC705JIA, 
contact us at 1-800-765-7795, ext. 
813 or by FAX at 1-800-765-9753, or 
write us at PO. Box 13206, Austin, 
Texas 78711-9855. 


The world’s leading 8-bit solutions. 


(AA) MOTOROLA 


“Suggested price. **Actual prize awarded will be a 1996 Eddie Bauer model with preferred equipment package. Motorola and Ford Motor Company employees, contest judges and their families are not eligible. Contest void where prohibited or restricted by law. 


See contest rules and entry form for details. and Motorola are registered trade 


marks of Motorola, Inc. ©1995 Motorola, Inc. 
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EpITED BY BILL TRAVIS AND ANNE V/JATSON SWAGER 


Video fader preserves synchronization 


FRANK Cox, LINEAR TECHNOLOGY Corp, MILPITAS, CA 


The common video effect “fade to black” is usually accom- 
plished by increasing video signal attenuation to the point 
where the picture disappears, leaving a black screen. As the 
composite signal is attenuated, the signal’s sync amplitude 
becomes too small to synchronize the picture properly, and 
the picture rolls and tears. One solution is to run a separate 
sync line to the monitor, but this is not a viable choice in 
composite systems. 

Fig 1 shows a simple video “volume control” that oper- 
ates on the picture but leaves the sync unchanged, allowing 
a smooth fade to black while maintaining video fidelity. 
High-speed op-amp IC, and its associated components form 
a basic sync separator. C,, R,, and D, clamp and clip com- 
posite video. D, biases the input of IC, to compensate for the 
voltage drop across D,. When D, conducts, IC, amplifies the 
most negative portion of the waveform (containing the sync 
information). Clamp-network D, through D, in the feedback 
of IC, prevents the amplifier from saturating and, thus, from 


s 
COMPOSITE SYNC 


(FROM 74HC14 PIN 2) SYNC LEVEL 
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This circuit allows you to maintain sync amplitude while fading a composite-video signal. 


slowing the response. D, and a CMOS inverter complete the 
shaping of the sync waveform. The sync separator works 
with most video signals that have a minimum sync ampli- 
tude of 0.3V and are not excessively noisy or distorted. 
Video-fader IC, is configured to fade between the original 
video and the sync stripped from that video. A voltage ref- 
erence and a potentiometer generate a control voltage. This 
node (pin 3 of IC,) should be bypassed if the control is 


‘mounted a significant distance from the circuit or if the con- 


trol generates any noise when adjusted. As the control volt- 
age nears the lower 2% of its range, IC, automatically shuts 
off the channel with the active video (pin 1) and fully turns 
on the channel with the sync (pin 14). This feature makes 
the circuit more tolerant of offset or gain errors in the con- 
trol signal. (DI #1724) EDN 
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Behavioral Spice model emulates VCO 


DR BASHIR AL-HASHIMI, STAFFORDSHIRE UNIVERSITY, STAFFORD, UK 


A behavioral model treats a circuit as a black box, which you 
can describe using an equation or table. Listing 1 is a 
Microsim PSpice behavioral model that simulates the oper- 
ation of a voltage-controlled oscillator (VCO). The output 
signal of a VCO is V=A-sin(27f,,t), where A is the amplitude, 
tis the time variable, and f, is the output frequency. This fre- 


| Ky] \(ciy RY eo :)357-\/[6)-7-\ me) (0)0) 4k 


-SUBCKT VCO 1 2 PARAMS:A=1, Fc=1, K=1 


E 2 O VALUE={A*SIN(6.283*TIME*(Fc+K*V(1,0))) 
ENDS VCO 





LisTING 2—VCO-CIRCUIT PSPICE NETLIST 


.LIB C:\PSPICE\MODELS ;VCO model location 


V 10 PULSE(-1 1 0 10ns 10ns 0.5ms 1ms) ;control input signal 


-TRAN 0.01m 2ms 0m 0.01m ;transient analysis range 


X 1 2 VCO PARAMS:A=1, Fc=10K,K=5K ;call VCO subcircuit 


-PROBE V(1),V(2) ;graphic input & output signals 
.END ;end of netlist 


wi ew de ep ee ee ee ee 


0.5 mSEC 





1.0 mSEC 
TIME 


quency is f,=f.+KV, where f. is the center frequency, K is the 
sensitivity of the VCO in Hz/V, and V is the control-input 
signal. 

The model expresses these equations using a VALUE 
description of a voltage-controlled voltage source. Note that 
the parameter TIME in the model represents the PSpice 
internal sweep variable used in transient analysis. To simpli- 
fy use of the model, describe it as a parameterized subcircuit 
called VCO, whose input is at node 1 and whose output is at 
node 2. Describe the model function using the three para- 
meters A, f., and K. You must give the subcircuit parameters 
initial values to satisfy the SUBCKT statement requirement. 
In this example, I arbitrarily set them to one; you'll change 
them to the required values when the program calls the sub- 
circuit. 

To use the model to simulate a VCO circuit, 
specify the parameters A, f., and K. For exam- 
ple, if A=2V, f.=10 kHz, K=5 kHz/V, and the 
input control voltage ranges from +1 to -1V, 
the output frequency changes from 15 to 5 
kHz, as Fig 1 shows. Listing 2 gives the PSpice 
netlist of the VCO circuit. (DI #1726) EDN 
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The bottom plot shows the result of a PSpice simulation of a VCO. When the control-input voltage changes from +1 to -1V, 


the output frequency changes from 15 to 5 kHz. 
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Circuit guards against battery reversal 


DANA Davis, MAxim INTEGRATED PRODUCTS, SUNNYVALE, CA 


The circuit in Fig 1 protects a battery-operated system in two 
ways: Q, prevents damage from the flow of reverse current 
that could occur if you install the battery backward, and Q, 
prevents the excessive current flow that could occur with a 
sudden load increase or a short circuit. A properly installed 
battery fully enhances Q, by pulling its gate voltage more 
than 5V below the source voltage. If you install the battery 
backward, Q, stays off because the gate voltage is positive 
with respect to the source voltage. Regardless of battery 
polarity, the orientation of the body diodes of Q, and Q, 
ensures that no current can flow when either device is off. 

IC, is a current-sensing amplifier that senses the load cur- 
rent flowing between its RS+ and RS— terminals. IC,’s output 
is a proportional but smaller (1.5 mA max) current at the 
OUT pin, which develops a voltage across R, proportional to 
the load current. During normal operation, both compara- 
tor outputs are high, and Q, remains on. 

When the load current exceeds a limit set by R, Ch igi= 
2000V,,,,/R,), where 2000 is the sense amplifier’s gain, and 


Si9434DY 
SILICONIX 


Q, 


Si9434DY 
SILICONIX 


0.1 uF 


QO 
m 
a 
i 
0) 


Oooo 
| + 


Q, 
2N3904 R, 


NOTES: 
*R, VALUE PROVIDES A 1A CURRENT-LIMIT THRESHOLD. 
Rg, Ry. VALUES PROVIDE A 4.4V TRIP THRESHOLD. 


V ., is the comparator’s input threshold of 1.182V 42%, the 
B-comparator output switches low and turns off Q,, which 
turns off Q, and disconnects the battery from its load. At the 
same time, Q, provides positive feedback by pulling the com- 
parator input to the level of the collapsing supply rail, latch- 
ing Q, off as the supply voltage drops. 

An output short circuit turns off IC, by removing the volt- 
age at pins 6 and 7 (3V is the minimum for proper opera- 
tion). Control via the B comparator disappears because the 
R, voltage goes to zero for this short-circuit condition, but 
comparator A then shuts off Q, by turning off Q,. Q, speeds 
the Q, turn-off time to about 10 psec. When Q, is off, the 
circuit draws about 2 »A. During normal operation, the bat- 
tery current varies with its terminal voltage: 200 pA at SV, 
230 pA at 6V, 300 pA at 8V, and 310 pA at 10V. To restore 
power, press S,. (DI #1730) EDN 
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This circuit prevents damage from reverse current that flows when a battery is installed backward. The circuit also prevents 
excessive current flow that arises from a sudden load step or short circuit. 
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Keep it light with VoiceChip 
and fly right by the competition to success! 


VoiceChip is the new, highly-integrated controller chip for voice recording and playback. 
VoiceChip provides a comprehensive solution to your design needs on one very 

efficient, cost-sensitive chip. Combined with external flash memory, VoiceChip delivers 
the solid-state recording capabilities that are particularly useful for mobile products. 


VoiceChip enables you to achieve very competitively priced, highly- 
reliable voice recording, storage and playback equipment. 


Don't pack excess device count into your product. Specify 
VoiceChip by EUROM. 





VoiceChip incorporates: 


Built-in A/D and D/A channels 
Up to 20 minutes of voice storage in 
| Mbyte of external flash memory 

e On-chip controller for audio 















compression algorithms 

e Embedded voice sampling 
and playback interfaces 
Integrated keyboard support 
Built-in LCD display driver 
Variable voice compression 





per message 
Real time clock 

e Alarm capability 
Built in filing system 
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Call or fax: 


EUQM 


FlashWare 
Solutions 


@ Headquarters: EUROM FlashWare Solutions Ltd. 
Atidim Industrial Park Bldg. 1, P.O.B 58032, Tel Aviv 61580, Israel 
Tel: +972-3-490 920 Fax: +972-3-490 922 


@ USA Office: EUROM FlashWare Solutions Inc. 
4655 Old Ironsides Drive, Suite 290, Santa Clara, CA 95054 


Tel: 408-748-9995 Fax: 408-748-8408 CIRCLE NO. 228 
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Measure inductance with dc superimposed 


HB FARENSBACH, CONSULTANT, ALBANO, ITALY 


In some applications, magnetic components are difficult to 
characterize when steady-state current is flowing. Bridges 
having the necessary dc capability are expensive. If you 
don’t need extreme precision (for example, 2% or better), 
other measurement methods exist. The method in Fig 1 is 
universally applicable over a range of inductances and fre- 
quencies. The basis for the inductance measurement is to 
determine the ac impedance at the frequency (f), ideally the 
inductor’s working frequency of interest. In Fig 1, the ac 
voltages across the inductor and the reference resistor R, are 
Viac and V,,., respectively, and the circulating alternating 
current is I... 

You need the following two components for proper oper- 
ation: 1. The dc isolation transformer with a gap that pre- 
vents saturation at the maximum rated dc. In this example, 
for 25A current, use an El-configured core of 0.014-in. grain- 
oriented silicon steel. The primary winding uses 160 turns of 
AWG 30 double-covered magnet wire. The secondary wind- 
ing consists of 32 turns of AWG 14 magnet wire wound in 
two steps: 16 turns, followed by the primary winding, fol- 
lowed by the final 16 turns. 2. The reference resistor, which 
must have four terminals (two for forcing current, two for 
sensing voltage) if its value is lower than 3. It also must 
have negligible inductance and skin effect at the frequency 
of interest. One way to make a resistor with such character- 
istics is to connect several (maybe five to 10) metal-film resis- 
tors in parallel. 

To keep errors low, ensure that 3V,,.. is less than V,,-. 
Check oscilloscope photos to be sure the waveforms are rea- 


560, 1/2W 
Ipc + lac 
ee 


FREQUENCY 
GENERATOR 


VARIABLE 
DC SUPPLY 


sonably sinusoidal, denoting that the flux density is below 
the saturation level. You can also measure the dc I. by using 
the same DVM or the oscilloscope in dc mode. To determine 
the impedance, Z,, use the following equations: 


7. Viac — Viac x Ra 


L 
Thac Vpac 
_ 4 _ Viac XRe 
2mi 2h Vac 


The error in V,,.. from V,,.. is negligible because these two 
quantities are 90° out of phase. Measure both V,,.. and V,,.. 
the same way—by using the oscilloscope’s p-p value, the 
DVM’s average value, or the DVM’s rms value. The power 
supply should have 3 to 5% maximum ripple and a constant- 
current setting for ease of making repeated measurements. 
The zener diodes across the primary winding protect the fre- 
quency generator against spikes that occur when you instan- 
taneously apply or cut off the dc. 

An example uses a 50-1H inductor operating at 100 kHz, 
with a 100-mf reference resistor, R,. Measurements yield 
Vapc=1V (10A), V,,-=1.2V, and V,,.=38 mV. 


Le ViacRe _ 1.2V x0.100Q 5,03 pH 
2nf Var- 6.28x100,000 Hzx0.038V 
(DI #1729) EDN 
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Using this circuit, you can measure inductance with any amount of direct current superimposed. 
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RF TRANSFORMERS 


Over 80 off-the-shelf models... 
3KHz- 2O00NAHZ trom $199 










Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specified frequency 
range?....Mini-Circuits offers a solution. 
Choose impedance ratios from 1:1 to 36:1, in 
connector, TO-, flatpack, surface-mount, or pin 
versions (plastic or metal case built to meet 
MIL-T-21038 and MIL-T-55631 requirements’). 
Coaxial connector models are offered with 50 and 75 
ohm impedance; BNC standard, other types on request. ~ ™“ 
Ultra-wideband response achieves low droop and fast °™: TT 
risetime for pulse applications. Ratings up to 1000M ohms 
insulation resistance and up to 1000V dielectric voltage. For 
wide dynamic range applications involving up to 100mA ; 
primary current, use the T-H series. Fully detailed data eesti age 
appear in our 740-pg RF/IF Designer's Handbook. 
Need units in a hurry?...all models are covered by our 
exclusive one-week shipment guarantee. 
Only from Mini-Circuits. 
*units are not QPL listed. 
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L] Mini-Circuits’ 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MiNI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
F 71 RevF 
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“Zero-power” A/D converter uses printer port 


DHANANJAY GADRE, [UCAA INSTRUMENTATION LAB, PUNE, INDIA 


“TBBS| | You can use a desktop or laptop PC to monitor 
| physical variables such as temperature or pressure. 
| A convenient way to do this is to connect an A/D 
~ converter through the ubiquitous Centronics 
printer port (Fig 1). The current requirement of the 
ADCO0O804LCN used here is less than 1.5 mA at SV supply 
voltage with a 640-kHz clock. Tristate-buffer 74HC244 mul- 
tiplexes 8 bits of A/D-converter data through 4 bits (54 
through 57) of the status port of the printer adapter. 

This design does not require an external power supply, 
because it uses the RS-232C port of the PC to satisfy its mea- 
ger power requirements. Most RS-232C ports are capable of 
delivering a current of about 10 mA. Of this current budget, 
the circuit shown here consumes about 3 mA. You could use 
the remaining available current to power additional circuit- 
ry. The 5V for the A/D converter and the tristate switch 
derives from the RS-232C port’s DTR and RTS signal lines. 







REGISTER/DB-25 PIN/CENTRONICS PIN 


<«—_TO PRINTER PORT 


CO/i/1 
1C1/14/14 
[C3/17/36_> 


RS-232C RTS 


DIODE 
<+—— TO SERIAL PORT 


RS-232C DTR 
DIODE 3 


0.01 uF 


RS-232C GND 


10 uF 
Ber 


Because the power requirement is low, you can use a pair of 
LM-336-2.5V reference diodes to set the voltage and to gen- 
erate the 2.5V reference for the A/D converter. 

Control-port bits CO and Cl control the tristate switch, 
IC,. The power-on reset level of CO and C1 is logic one, so 
you run no risk of shorting IC,’s outputs. The other 2 con- 
trol bits, C2 and C3, generate the read and write strobes for 
the A/D converter. The INTR pin of the A/D converter, which 
status-port bit $3 monitors, indicates end of conversion for 
the converter. With the component values shown, the con- 
verter has a 200-wsec conversion time on a 16-MHz AT, run- 
ning the C code in Listing 1. A Turbo C version 2.01 com- 
piler compiled this source code. (DI #1728) EDN 
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(Listing 1 on pg 72) 


ic, CLK 
S ADC0804 / 
- VREF 


SECTION 1 


Ce 
LM336-2.5 Bk 10 uF 


LM336-2.5 


SECTION 2 





This A/D converter takes its power from the PC's RS-232C port and thus needs no external power source. 
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HP SUPERVISOR AND 
LITHIUM BATTERY IN 
ONE SPACE-SAVING PACKAGE 


Low-Cost, Complete Package with MAX691A & 125mAh Battery 


The new MAX1691A uP supervisor module contains a MAX691A and 125mAh lithium battery. 
It provides complete uP supervisory functions, as well as backup power for CMOS memory and 
real-time clocks. The 700 x 875-mil package reduces board space and saves design time. 





COMPLETE pP SUPERVISION AND MEMORY BACKUP IN 700 x 875 mil PACKAGE 


Reset, Reset, Watchdog, 
Power-Fail Warning 


oe 


Battery Backup, 
Chip-Enable Gatin 


Battery Backup 





MAX1691CHE Eloen 


The MAX1691 provides complete iP supervision with battery backup for memory and real-time clocks. 





¢ Complete solution: ¢ Power-Fail Warning 
_MAX691ACSE + 125mAh Lithium Battery ¢ Output Current: 

# RST and RST Outputs 250mA Operating 

¢ 4.65V Reset Threshold 20mA Standby 

¢ Battery Backup Switchover ¢ Supply Current: 

¢ Watchdog Timer SoA Operating 

¢ 10ns Max Chip-Enable Gate Delay 1pA Standby 


uy Sram 222? &, FREE WP Supervisory Design Guide—Sent Within 24 Hours! 


Replace Your Old TL7705 or MC34064 


Reset ICs with the Smallest, | Pp he he 
= 2 ‘The ‘Has 24pa I, Ws a 
ib T lay, Pits 
in a Super-Small SOT-23 Package 
& 


CALL TOLL FREE 1-800-998-8800 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders. 
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<stdio.h> 
<dos.h> 
<conio.h> 
<process.h> 


#include 
#include 
#include 
#include 


#define RESET_VALUE 
#define START ADC CONV 
#define READ _UPPER_NIBBLE 
#define READ LOWER_NIBBLE 


void main (void) 


int modem_control_reg, dport_lpt1, cport_lptl, sport_lptl; 
unsigned char adc_status, adc_val, upper_nib, lower _nib, intr_status; 


/* Sign ON */ 

clrscr () ; 

printf("Zero power (well almost) ADC for printer port, Version 1.0"); 
printf ("\nD.V.GADRE") ; 


/* Get COM1 register address */ 
modem_control_reg = peek (0x40,0) +4; 
if (modem_control_reg == 4) 
(printf ("\n\n\nCOM1 not available... 
exit (1); 


aborting\n\n\n") ; 


printf ("\n\n\nCOM1 address = %X",peek(0x40,0) ); 


/*Get LPT1 port addresses */ 
dport_lpt1 = peek (0x40, 0x08) ; 
if (dport_lpt1 ==0) 


printf("\n\n\nLPT1 not available... 
exit (1); 


aborting\n\n\n") ; 


} 
printf ("\nLPT1 address = %X", dport_lptl)j; 


cport_lptl dport_lptl +2; 


= /* control port address */ 
sport _lptl = dport_lptl1 +1; 


/* status port address */ 


/* put power On on COM1 */ 
outportb(modem_control_reg, 03); 
printf ("\nPutting Power ON..."); 


/* check if ADC is connected & working */ 

/* start ADC conversion & wait for 1 ms, this puts INTR to logic ‘0’ */ 
/* reset the control port */ 

outportb(cport_lpt1, RESET_VALUE) ; 

sleep(1) ; 


/* start conversion */ 
outportb(cport_lpt1, START_ADC_ CONV) ; 
outportb(cport lpt1i, RESET _VALUE ); 
sleep (1) ; 


/* hopefully the conversion is over, so read the INTR status */ 
/* if everything is OK, INTR should be ‘0’ */ 

adc_status = inportb(sport_lpt1) & 0x08; 

outporth(cport_lpt1, READ LOWER_NIBBLE) ; 

outportb(cport_lpti, RESET_VALUE) ; 


/* read the INTR status again */ 
/* if everything is OK, INTR should be ‘1’ */ 
intr_status = inportb(sport_lpt1) & 0x08; 
if( !( (adc_status == 0) && (intr_status == 0x08) ) ) 
{ print£("\n\n\nADC not connected... aborting\n\n\n") ; 
exit (1); 


/* acquire ADC sample */ 
while (!kbhit () ) 


outportb(cport_lpt1, RESET_VALUE) ; 
outportb(cport_lpt1, START _ADC CONV) ; 
outportb(cport_lpt1, RESET_VALUE) ; 
adc_status = inportb(sport_lpt1) & 0x08; 
while (adc_status) 


start_conv: 


wait_for_conv: 


adc_status = inportb(sport_lptl1) & 0x08; 
read_upper_ nibble: outportb(cport_lpt1, READ_UPPER_NIBBLE) ; 
upper_nib = inportb(sport_lptl) & Ox0f0; 
outportb(cport_lpt1, RESET_VALUE) ; 
outportb(cport_lpt1, READ LOWER_NIBBLE) ; 
lower_nib = inportb(sport_lpt1) >> 4; 
outportb(cport_lpt1, RESET_VALUE) ; 
adc_val = (lower_nib | upper_nib) * 0x88; 
delay (10) ; 
printf ("sample = %X ", 


read_lower_nibble: 


adc_val); 





Serial-interface IC supplies bipolar voltages 


GARY SELLANI, MAXIM INTEGRATED PRODUCTS, SUNNYVALE, CA 


Some available ICs for serial-data interface not only operate 
from low supply-rail voltages (S or 3.3V) but also generate 
bipolar dc voltages (+6.5 to +10V) to meet minimum driver- 
output levels specified by EIA/TIA-232. With care, you can 
“steal” useful amounts of power from these rails without 
interfering with the IC’s operation. 

In Fig 1, switch-mode-controller IC, operates with an 
external inductor, two diodes, and two capacitors to produce 
+6.5V. FETs Q, and Q, ensure start-up for the circuit by dis- 
connecting the load until these switch-mode supply voltages 
are present. Q, must be a logic-level device. 

Unlike ICs designed to generate supply voltages, an inter- 
face IC generally doesn’t specify how much current you can 
draw from its internally generated supply rails. The amount 


72 * EDN JULY 6, 1995 


available depends almost entirely on loads connected to the 
driver outputs. For example, IC, guarantees that one trans- 
mitter can drive a parallel combination of 1 kQ and 1000 pF 
at 250 kbps, and the other two transmitters can maintain dc 
outputs across 3-kQ loads. 

To calculate the maximum output current available, 
superimpose the ac and dc components. Output current 
flows alternately from each rail as the NRZ output waveform 
swings between the guaranteed-minimum-output levels 
(+5V). Assuming the output requires one whole data period 
(4 usec at 250 kbps) to slew from —5S to +SV, the ac compo- 
nent equals C, ,,,(dV/dt)=1000 pF (10V/4 psec)=2.5 mA. For 
the dc component, Ohm’s law gives I=E/R=SV/3 kO=1.67 
mA from one transmitter, so the three transmitters together 
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represent a dc load of 5 mA. Adding the ac and dc compo- 
nents gives a conservative maximum rating of 2.5 mA+5 
mA=7.5 mA. 

The 3-kQ load is an EJA-232 requirement, but the data rate 
and load capacitance are application-dependent parameters. 
Lower values for these parameters make more current avail- 
able for external use. A remote-sensing system, for instance, 
might operate at 2400 bps with a load of 3 kO in parallel with 
1000 pF (50 ft of cable at 20 pF/ft). For three transmitters, the 
load is 5 mA, and the ac load for one transmitter (72 wA) is 
almost negligible in this low-data-rate application. The avail- 
able current in this case is calculated as 7.5 mA-(S mA+72 
wA)=2.428 mA. 

These calculations are conservative: With Vat 2.7V and 
the three transmitters loaded with 3 kQ/1000 pF while trans- 
mitting valid EIA-232 levels at 2400 bps, the circuit actually 
delivers 6.7 mA to an external load. As noted, Q, and Q, 
allow the circuit to start under these conditions. If you dis- 
connect the transmitter loads, the maximum external load 
current that allows start-up is 11.5 mA; with Q, and Q, 
removed, the maximum current is only 5.7 mA. (DI #1725) 
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For data rates and driver-output loads less than the maximum 
allowed, the positive and negative voltage outputs of this ser- 
ial-interface IC can supply modest amounts of current to an 
external circuit. 
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C-Load™ Op Amps Conquer Instabilities - Design Note 107 
Kevin R. Hoskins 


Introduction 


Linear Technology Corporation has taken advantage of 
advances in process technology and circuit innovations to 
create a series of C-Load operational amplifiers that are 
tolerant of capacitive loading, including the ultimate, am- 
plifiers that remain stable driving any capacitive load. This 
series of amplifiers have a bandwidth that ranges from 
160kHz to 140MHz. These amplifiers are appropriate for a 
wide range of applications from coaxial cable drivers to 
analog-to-digital converter (ADC) input buffer/amplifiers. 


Driving ADCs 

Most contemporary ADCs incorporate a sample-and-hold 
(S/H). A typical S/H circuit is shown in Figure 1. The hold 
capacitor’s (C1) size varies with the ADC’s resolution but 
is generally in the range of 5pF to 20pF, 10pF to 30pF and 
1OpF to SOpF for 8-, 10- and 12-bit ADCs, respectively. 


C1 


3 GND 


TO SAR 


see < FROM INTERNAL DAC 


DN107  F01 


Figure 1. Typical ADC Input Stage Showing 
Input Capacitors 


At the beginning of a conversion cycle, this circuit samples 
the applied signal’s voltage magnitude and stores it on its 
hold capacitor. Each time the switch opens or closes, the 
amplifier driving the S/H’s input faces a dynamically chang- 
ing capacitive load. This condition generates current spikes 
on the input signal. This capacitive load and the spikes 
produced when they are switched constitutes a very chal- 
lenging load that can potentially produce instabilities in an 
amplifier driving the ADC’s input. These instabilities make 
it difficult for an amplifier to quickly settle. If the output of 
an amplifier has not settled to a value that falls within the 


error band of the ADC, conversion errors will result. That 
is unless the amplifier is designed to gracefully and accu- 
rately drive capacitive loads, such as Linear Technology’s 
C-Load line of monolithic amplifiers. Table 1 lists Linear 
Technology’s unconditionally stable voltage feedback 
C-Load amplifiers. Table 2 lists other voltage feedback 
C-Load amplifiers that are stable with loads up to 10,000pF. 


Table 1. Unity-Gain Stable C-Load Amplifiers Stable 
with All Capacitive Loads — 


Is/AMP 
SINGLES DUALS (mA) 
— LT°1368 LT1369 0.16 0.375 
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8 

LT1224 SS SS. 
LT1354 
0 6 


LT1363 
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Table 2. Unity-Gain Stable C-Load Amplifiers Stable 
with C, < 10,000pF 
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Remaining Stable in the Face of Difficult Loads 


As can be seen in Figure 2, an amplifier whose design is not 
optimized for handling a large capacitive load, has some 
trouble driving the hold capacitor of the LTC°1410’s 
o/H. While the LT1006 has other very desirable character- 
istics such as very low Vgs, very low offset drift, and low 
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4, LTC and LT are registered trademarks of Linear Technology Corporation. 
C-Load is a trademark of Linear Technology Corporation. 
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power dissipation, it has difficulty accurately responding By contrast, Figure 2b shows the LTC1360 C-Load op amp 

to dynamically changing capacitive loads and the current driving the same LTC1410 input. The photo shows that the 

glitches and transients they produce (as indicated by the LTC1360 is an ideal solution for driving the ADC’s input 

instabilities that appear in the lower trace of Figure 2a. _ capacitor quickly and cleanly with excellent stability. Its #" 
: Ses wide 50MHz gain-bandwidth and 800V/us slew rate very 

adequately complement the LTC1410’s 20MHz full power 

bandwidth. The LTC1360 is specified for +5V operation. 


Figure 3 shows the circuit used to test the performance of 
op amps driving the LTC1410’s input and measure the 
input waveforms. 


CONVST 
1V/DIV 


INPUT 
200mV/DIV 5 
Conclusion 


Linear Technology's C-Load amplifiers meet the challeng- 
ing and difficult capacitive loads of contemporary ADC 

























: soone/DIV Sa analog inputs by remaining stable and settling quickly. 
Figure 2a. Input Signal Applied to an LTC1410 . 
Driven by an LT1006 | ce 
0.1uF 
INPUT de 
LT1006 OR hes 
CONVST LT1360 oS 
1V/DIV 
a LTC1410 
INPUT 
50mV/DIV 
—5V 
= 10uF 
200ns/DIV = 
Figure 2b. Input Signal Applied to an LTC1410 
Driven by an LT1360 
CONVST 
Figure 3. Test Circuit Used to Measure LTC1410 Input 
Signal Waveform 
For literature on our Operational Amplifiers, 
call 1-800-4-LINEAR. For applications help, 
call (408) 432-1900, Ext. 456 | 
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We knew 


where multimedia was going 


DYooKOKOMAMGITOR 


You know where multimedia is going, too. 

Into most everything you're designing. From 
networking products, desktop PCs and telecommuni- 
cations systems to home computers, interactive TV, 
public information display systems and kiosks. 

At Fujitsu Microelectronics, we saw all this 
coming years ago and have been investing in multi- 


media technology ever since. Which means we have 


a considerable lead over our competitors. A lead you 


can turn into a lead of your own. 

Fujitsu, for instance, has developed a family of 
ATM chips (with chip sets for a variety of applications) 
that enable your products to transfer massive amounts 
of multimedia data at speeds up to 155 Mb per second. 
Many times faster than Ethernet. 

‘To provide high performance graphics and audio 
in workstations and supercomputers, we’ve developed 
a new generation of SDRAM including the world’s 
first 64Mb SDRAM+* 

‘To get a completely different view of multimedia, 
take a look at our brilliant new color plasma display. 
It’s a 21-inch (larger formats are on the way), 640 x 480 
resolution, flicker-free display that’s a mere 35mm 
thick. It’s already being used in selected corporate appli- 
cations. And we’re sure you can think of others (wall- 
mounted TV and public information display systems 
may come to mind). 

So if you’re working with multimedia, perhaps 
you should be working with Fujitsu, too. And wherever 
multimedia goes, we’ll both get there first. 


COMPUTERS, COMMUNICATIONS, MICROELECTRONICS 
*Announcement of the development of the 64 Mb SDRAM was made at ISSCC ‘91. 


FUJITSU LIMITED (Electronic Devices Sales Promotion & Marketing Dept.): 
‘Tokyo MI Bldg. 2-2-4 Higashi-Shinagawa, Shinagawa-ku, Tokyo 140, Japan Phone: (81) 3-5479-7616, Fax: (81) 3-5479-8528/8529 
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We don’t mean to boast, but 


‘in ultra-fast sRAMs Samsung has 


De been in the fast lane passing 
- competitors for so long that the 


| only place most of them can be 


| seen is behind us. And even back 
- there, there aren’t many in view. | 
Today, our 4m BicMos parts | 


are ; available i in | the highest 
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speeds anywhere—speeds as fast 
as 10 ns. It’s a speed that neatly | — 
slices the industry's existing high 
speed, 20 ns, in half. And our 


customers tell us that our per- 


_ formance promises to stay way 
: ahead of the rest of the field. 

| We're also offering the | 
7 industry's | first and only a3 volt 


MOS SRAM 


BiCMOS ultra-fast parts. _ 


So if you're working with the 


new processors | and need 33 1 
volts, we can help you. And if | 
telecom- i 
munications products, set-top | | 
| boxes, or workstation cache, we 
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can help you there too because 


we've got the top-speed parts 





The 4-Mb Bicmos sRAM 


| PART ORG. SPEED VOLTAGE || 
KM616B4002 4 
KM68B4002 
KM64B4002 
KM616BV4002 
KM68BV4002 


KM64BV4002 


256K X 16 
512K X 8 
IM X 4 
256K X 16 
512K X 8 
IMX4 


10,12,15 mS Sv 
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10,1,15MS sv | 
2,15,20ns 434 | 
| 42,18,200s 4.39 
12,,20ns 439 
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North First Street, San J 
California 95134. 00 | 


Samsung the leader in memories 
worldwide. And it’s a leader- 
ship we have every intention 
of sustaining. | 
For information on SRAMs 
from the one who’s in front, 


youre absolutely going to require. 

These BicMoOs parts mean 

| that Samsung offers designers 
| the most complete range of |_ 

4M SRAM options out there— 

with parts ranging in speeds 


from 70 on down to Io ns. 
Our SRAMs are just one of 
many things that are making 


please call Samsung at 1-800- 
446-2760 today. Or write to 
SRAM Marketing, Samsung 


CIRCLE NO. 210 


Stity A Generation AHEAD. 








Microsoft Windows 3.1 
based user interface 


Pull-down Menus 


Speed bar 
(point and click) = 


mfjie Vewle dn Een Ed Contig “Registers Window 


Disassembly 
Window 
with in-line 
assembler 


Shadow RAM 


shows data 
ShadowHRam 


2658 6666 G4B6 E365 7CDF 
8939 1668 EBID 3831 ABE 


changes in real- 
B66G65F 6: ACSS 6866 4AG1 B66 as 
2 


time. This data 
i SETS is : 8781 6886 SeC2 6936/2048 
Can be Trans- PASTS Se 8304 8668 89C4 8866 8162 
8GG02CD8: E175 8666 E286 6866 4SEDF 
ported to other sea: 
Windows cceueca: 
programs 


through DDE 


SESISESTS [Shed Babs 


66660662: 
SESESESESES I Si ia 
SESESESESTS IS ia 
ISESESI SIS] Bed oes 
SESESESESES| Sd 
SESESHSESESE S| 5B 






Register po0oa7en: 
Window GGGGGC3E: 


STSESES|S| eed? Be 
STSTST SIS FAN: Be 
me STSISISIS FA sya 
» 86002898: 
| 69602874: 






Supports both the 68HC16. 
Hosted on PC’s and Worksta 





Introl, Mini 5D5 
In-line assembler anc 








Trace board up to 512k 

AO bit timestamp. 
Triggering and filtering \ 
° coos coverage. es 















_ ric (Shadow RAM). 


Trace stoppe | Trace stopped: 2729 frames record aaa ae oe -2,2727) an 









ote} = (On Re: 








EMUL300. by Nohau Corp. 







funcs.c 
: void value to s(MP Struct_p)< 
Auto Mixed_p; 
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Auto Mixed p = Struct_p; 
Auto Mixed _p —>Int1=1; 
Auto Mixed _p —>En=A; 
Auto Mixed p —>Int2_p=&Struct_p->Int1; 
Auto Mixed p —->Ch_p = eBuffer[ 6]; 
Auto Hixéd p —>next = Auto Mixed _p; 
Auto Mixed p ->Union2.U_Int2 = 256 * 2 + 1; 
if(Auto_ Mixed p —>Int1)< 

int x; 

For (x=15x<25x++)¢ 

int y; 
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int x; 

For(x=15x<25x++)< 

int y; 
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Optimize sensor systems 
using fixed components 


ERIC JACOBSEN AND JEFF BAUM, MOTOROLA SENSOR PRODUCTS DIVISION 


A circuit design for a sensor 
system with fixed-value 
components is easier and 
less costly to produce in high 
volume. The alternatives to 
using fixed-value circuitry— 
laser-trimming resistors, 
manually calibrating poten- 
tiometers, or measuring and 
selecting specific component 
values—are labor-intensive. 
Fixed-value components combine with a design procedure 
to optimize the performance of a sensor system using stan- 
dard components. The method considers device-to-device, 
temperature, and other circuit variations that can create 
alterations in the amplified sensor output. 

The method starts with a desired performance and set 
parameters. The design then considers each type of variation 
in a worst-case analysis to determine if the system can attain 
the desired performance. Every sensor type has device-to- 
device variations in the output offset voltage, the full-scale 
output voltage, and the dynamic output-voltage range. 
(Span is the difference between full-scale and zero-scale out- 
put voltage.) These parameters vary with temperature, 
according to the temperature coefficients (TCs) of offset, 
TCV... and full-scale span, TCV... The fixed-value circuit 
comprising the sensor has variations. For example, the volt- 
age or current regulator and resistors 
have specified tolerances and TCs. 

Because modern, unamplified solid- 
state sensors typically have output volt- 
ages of 10s of millivolts, a gain stage is ‘ os 
a major part of the fixed-value circuit- 
ry. The gain stage amplifies the signal 
to a level large enough for additional 
processing. One such sensor, Motoro- 
la’s MPX10 10-kPa pressure sensor, has - 
a typical full-scale span of 58 mV at 5V 
excitation. The additional processing 
typically requires using an A/D con- 
verter to digitize the amplified analog 
sensor signal. 

The ADC window is the difference 
between its high and low reference 
voltages. To obtain the best signal reso- 
lution from an ADC, the sensor's 


A design method that uses device-to-device 
variations, temperature effects, and compo- 
nent tolerances allows you to configure 
optimum amplifier and ADC circuitry for 
sensor systems. 





5V REGULATOR 
OUT 





amplified dynamic output- 
voltage range should fill as 
much of the ADC’s window 
as possible without extend- 
ing beyond the reference 
voltages. The zero-pressure 
offset voltage must be 
greater than or equal to the 
low reference voltage, and 
the full-scale output voltage 
must be less than or equal to 
the high reference voltage. In any case, the device-to-device, 
temperature, and circuit variations create a problem. 

With a fixed-value amplifier circuit, the gain and any dc 
level shift inherent in the amplifier design are fixed. If the 
variation of any sensor parameters is too large, the amplified 
sensor output may saturate the amplifier near either its high 
or its low supply rail. The output may also extend beyond 
the high or low reference voltages of the ADC. In either case, 
nonlinearity errors occur in the system. To avoid such errors, 
you should design a fixed-value circuit that optimizes per- 
formance in terms of signal resolution and takes all types of 
sensor-output variation into account. 

The goal of the fixed-value sensor system is to obtain the 
best performance possible. The system’s design needs to 
ensure that the sensor’s amplified output is always within 
the saturation levels of the amplifier and reference levels of 


This amplifier circuit scales up the low-level output voltage of an IC pressure sen- 
sor for processing by an ADC. 
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the ADC, regardless of any system vari- 
ation. Satisfying these tenets makes 
effecting an accurate software calibra- 
tion of the sensor’s output possible. By 
sampling the sensor’s output voltage at 
a few points (such as, zero and full-scale 
output) at room temperature, a soft- 
ware calibration can nullify all the 
room-temperature, device-to-device, 
and circuit variations. Temperature 
variations in the sensor’s output can 
create errors in the system, but careful 
design can ensure that the output 
remains within the ADC’s valid range. 


Applying the method 

Fig 1 shows how you can apply the 
method using Motorola’s MPX10 and 
MPX2010 pressure sensors. Both sen- 
sors have a full-scale rated pressure of 
10 kPa. The MPX2010 also has on-chip 
circuitry for calibration and tempera- 
ture compensation of the zero-pressure 
offset voltage and span. Comparing 
these devices emphasizes how dramat- 
ically device-to-device and tempera- 
ture variations, if not compensated, 
can affect a system’s overall perfor- 
mance. 

Both pressure sensors interface to 
the same amplifier-circuit topology. 
Tables 1 and 2 give the device-to- 
device and temperature variations for 
the MPX10 and MPX2010, respective- 
ly. Additional factors to consider in the 
method are the voltage-regulator and 
resistor tolerances. The voltage regula- 
tor’s device-to-device tolerance is +5%, 
and each resistor’s tolerance is +1%. 

The amplifier topology in Fig 1 is a two-stage operational- 
amplifier gain block that has the desirable characteristics of 
a differential-input instrumentation amplifier: 

e High input impedance, 

Low output impedance, 

Differential-to-single-ended signal conversion, 

High gain, and 

Level-shifting capability. 
For good common-mode rejection, the ratio of R, to R, 
should equal the ratio of R, to R,. With this simplification, 
the transfer function of the amplifier is 


Vo={ Beva|(s*-S-)+ 


Characteristic 
(V.=5V) 

Pressure range 

Full-scale span 


Zero-pressure offset 


TC of full-scale span 
(Note 1) 


TC of zero-pressure 
offset (Note 2) 


Notes: 


2a C. 


3 
where the gain is R,/R,+1, and the pressure sensor's differ- 
ential output voltage is S‘-S-. The positive dc voltage-level 
shift, which the voltage divider comprising R,,,, and R,,,, 
creates, is V,... You should use the cited resistor-ratio equal- 
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The difference between the offset and full-scale span of the sensor and the dynam- 
ic range of the amplifier or ADC is headroom. 


TABLE 1—MPX10 PRESSURE-SENSOR 


VARIATION CHARACTERISTICS 


Symbol Minimum | Typical | Maximum Unit 


kPa 

mvV 

mvV 
%/°C 


pV/°C 


1. Slope of endpoint straight line fits to full-scale span at -40 and 125°C, relative to 25°C. 
2. Slope of endpoint straight line fits to zero-pressure offset at -40 and 125°C, relative to 


ity to preserve the common-mode rejection. Also, make sure 
that the effective resistance of the parallel combination of 
Rae, and R,,.,, presents a low impedance to ground, relative 
to the value of R.. 


Factors affecting resolution 

Performance of a pressure-sensor system relates directly to 
its resolution. Resolution is the smallest increment of pres- 
sure the system can resolve. For example, a system that mea- 
sures pressure as high as 10 kPa with 1% resolution can 
resolve pressure increments of 0.1 kPa. The voltage resolu- 
tion of an 8-bit ADC with a 5V window (SV high reference 
voltage and OV low reference voltage) is SV+255, or 19.6 mV. 
Many pressure-sensor systems have ADC interfaces. If the 8- 
bit system requires 1% resolution, the pressure sensor’s span 
must be at least 19.6 mV+1%, or 1.96V. For 0.5% resolution, 
the span must be 3.92V. 

The greater the resolution the system requires, the greater 
the sensor’s amplified span must be. A pressure sensor's 


unamplified span is only 10s of milli- 
volts. Therefore, you must design an 
amplifier to provide the minimum 
span that yields the desired resolution. 
If the amplifier has a fixed gain, any 
device-to-device variation in the sen- 
sor’s unamplified span results in varia- 
tion in the amplified span. For exam- 
ple, if the sensor’s span variation results 
in an amplified span that’s smaller than 
the system requires, the system resolu- 
tion is not as high as desired. 


RTE |Desicn Feature 


TABLE 2—MPX2010 PRESSURE-SENSOR 
VARIATION CHARACTERISTICS 


Characteristic Maximum Unit 


(V.=5V) 


Pressure range 


Symbol | Minimum | Typical 


Full-scale span 
Zero-pressure offset -0.5 


Temperature effect on 
full-scale span (Note 1) 


TC on zero-pressure TCV 


offset (Note 2) 


OFF 


If the sensor’s span variation results 
in an amplified span that’s larger than 
the system requires, the resolution is 
better than desired. However, the 
amplified span might saturate the 
amplifier near its supply rails. The span might also extend 
beyond the reference levels of the ADC. The ADC converts 
voltages above the high reference as 255,, for an 8-bit ADC 
and converts voltages below the low reference as 0,,. This 
digital clipping creates nonlinearities in the A/D conversion 
and in the overall system-transfer function. 

A problem occurs if you want to design a fixed-gain ampli- 
fier that gives the desired resolution, does not violate the 
limits of the linear ranges of the op amps and ADC, and also 
accommodates the complete distribution of possible sensor 
spans. The same problem occurs with additional sources of 
variation: device-to-device variation, temperature effects in 
the sensor's span, and zero-pressure offset voltage. You must 
also consider any component tolerances for the voltage reg- 
ulator and resistors. 

Designing a system that has only one source of variation 
is not difficult. However, the design becomes complicated 
when all the cited variations are interacting. This design 
method considers all the variations and interactions and 
uses worst-case limits to design a fixed-value system. 


Notes: 


Resolution vs headroom 

The amplified span of the sensor must fit within the high 
and low references of an ADC to avoid any nonlinearity 
errors. The span must be large enough to provide the reso- 
lution the application requires. Headroom is any part of the 
ADC's window that’s not used for the sensor’s dynamic sig- 
nal range. Headroom functions as a cushion between the 
high and low reference voltages and the sensor’s dynamic 
output range. This cushion allows the sensor’s dynamic 
range to move, or vary, within the ADC’s window. 

Fig 2 shows the relationship among the sensor’s output 
span, the headroom, and the ADC’s (or amplifier’s) window. 
_ The total amount of sensor output-signal variation is from 
temperature effects, device-to-device variation, and inter- 
face-circuit component tolerances. This variation must not 
exceed the headroom available for the requisite system res- 
olution. A large sensor span that uses more available bits for 
signal resolution results in a smaller amount of headroom to 
accommodate sensor-parameter and interface-circuit varia- 








1. Maximum change in full-scale span at 0 and 85°C, relative to 25°C. 
2. Maximum change in offset at 0 and 85°C, relative to 25°C. 
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ADC'S DYNAMIC RANGE 


ADC LOW REFERENCE ——> 


An 8-bit ADC produces digital outputs in 255 discrete steps. 


tions. A trade-off exists between resolution and variations. 
The more variation in the system, the more headroom the 
system requires for the variation. Consequently, less of the 
ADC's window is available for the sensor’s true-signal span. 
Less span results in poorer resolution—fewer bits for resolv- 
ing the sensor’s output signal. 

The method starts by defining all the known parameters. 
Parameters with an asterisk (*) are specified at 25°C. The 
parameters are 


Resolution Desired system resolution 

MaxFSS* Maximum full-scale voltage span 
of the pressure sensor, 

MinFSS* Minimum full-scale voltage span 
of the pressure sensor, 

TCV,,. Maximum TC of the sensor’s full- 


scale voltage span 
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MaxSensOff* Maximum zero-pressure offset 
voltage of the pressure sensor 

MinSensOff* Minimum zero-pressure offset 
voltage of the pressure sensor 

TCV ore Maximum TC of the offset volt- 
age of the pressure sensor 

Ne Low saturation level of the ampli- 
fier or low reference voltage of an 
ADC (whichever is more limiting) 

Vin High saturation level of the 
amplifier or high reference volt- 
age of an ADC (whichever is more 
limiting) 

Vick Reference voltage for positive dc- 
voltage level shifting 

Vir Voltage-regulator tolerance 

MinTemp Minimum operating temperature 

MaxTemp Maximum operating tempera- 


ture. 


These parameters are either specific to the application, 
such as system resolution, or appear in the sensor's data 
sheet. Tables 1 and 2 provide the parameters for the two 
designs. The data in Tables 1 and 2 represent a SV supply 
voltage. The data sheets for the MPX10 and MPX2010 give 
specs for 3 and 10V supplies, respectively. 

Apply the following steps to the MPX10 (example 1) and 
MPX2010 (example 2): 

Step 1. Determine the required resolution in percent of 
full-scale output for the system. 

Step 2. Calculate the number of steps the chosen resolu- 
tion requires. The resolution sets the number of steps into 
which to break the pressure signal. (Note Fig 3, which 
assumes an 8-bit ADC with 255 steps of resolution.) A con- 
servative way to determine the number of steps is to assume 
that for an ADC the digital quantization of the pressure sig- 
nal can be within plus or minus one step. Therefore, assume 
that you need twice the number of steps previously deter- 
mined to resolve a given minimum incremental signal. 
Thus, the number of steps for the chosen resolution is 
2-100+resolution. The scaling factor of 100 in the numera- 
tor converts the resolution from a percentage to a decimal. 


Step 3. Evaluate the minimum amplified-sensor span. . 


(The minimum required span is the minimum span that sat- 
isfies the resolution requirement (Fig 4).) Assuming the use 
of an 8-bit ADC with a 5V window, in which one step equals 
19.6 mV with nominal regulator voltage, the minimum 
amplified sensor span equals the number of steps times 19.6 
mV. 

Step 4. Compute the amplifier’s gain. The gain must be 
high enough over the entire distribution of sensor spans to 
achieve the minimum required span. Therefore, you calcu- 
late this gain using the smallest pressure-sensor voltage span, 
MinFSS. Using the smallest, worst-case sensor-voltage span 
to calculate the gain guarantees the minimum required span 
for the entire distribution of sensor spans. The worst-case 
minimum full-scale sensor span occurs at the highest tem- 
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TABLE 3—THE MPX10 PRESSURE SENSOR 


Headroom 
parameters 


Performance 
parameters 


[1]Resolution (%FSS) 
4.5 


Given 
parameters 


MaxFSS 
83 mV at 25°C 


[7 ]Maximum 
temp effect 
on offset 
0.03V 


[8]Maximum 
offset variation 
1.76V 
[9]Minimum 
offset 
—0.03V 


[10]Maximum 
offset 
1.73V 


[1 3 Veer 
0.23V 


MinFSS 


[2]Number of steps 
33 mV at 25°C 44 


[3]Minimum required 
span 
0.87V 


[4]Gain 
29 
MinSensOff [5]Maximum span 
0 mV at 25°C 2.57V 
TV 66, 
#15 nV EC 


[6]Calculated headroom 


FFCV. 
—0.22 %FSS/°C 


MaxSensOff 
58 mV at 25°C 


é [11]Required 
5V headroom 
1.75V 


[12]ls calculated 
headroom 
>required 
headroom? 


V 


TOL 


5% 
MaxTemp 
70°C 
MinTemp 
ie © 





perature, MaxTemp, because the span decreases with 
increasing temperature (TCV,,, is negative). The following 
equation shows the worst-case minimum: 


Minimum required span 
Gain = —[— IO —_ » 
| MinFSs| ° 1+ TCV ico © (MaxTemp— 25)| 


where the term [1+TCV 
ture effect on the span. 

In Steps 1 through 4, the calculations reflect a minimum 
desired resolution. The resolution requirement determines 
the number of steps into which to break the signal. This 
number of steps, multiplied by the number of millivolts per 
step, equals a minimum voltage range, or minimum 
required span. Finally, to ensure that you obtain this mini- 
mum required span over the entire distribution of sensor 
spans, calculate the gain using the worst-case smallest sen- 
sor span. (The gain varies because of resistor tolerances in the 
amplifier circuit. To ensure that tolerance-induced system 
variation is negligible in comparison with other sources of 
variation, you should design the system with resistors of 1% 
tolerance or better.) 


-(MaxTemp-25)] is the tempera- 
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FIXED-VALUE SENSOR SYSTEMS 


Step 5. Calculate the maximum span—the largest possible 
span (Fig 4). You calculate the span by using the maximum 
full-scale sensor span, MaxFSS, and the gain. The worst-case 
maximum full-scale sensor span occurs at the lowest tem- 
perature, MinTemp. After you calculate the maximum span, 
the remaining dynamic range within the ADC’s window or 
the saturation levels of the amplifier is the lowest number of 
bits (most limiting case) available for headroom. The fol- 
lowing equation defines the maximum span: 


[Gain]-[MaxFSS]-[1+TCV,...(MinTemp-25)], 


where [1+TCV 
the span. 
Step 6. Compute the calculated headroom (Fig 5), which 
reserves bits in the ADC’s dynamic range only for the varia- 
tion arising from the sensor’s zero-pressure offset voltage. In 
general, headroom is reserved for all sources of variation: sys- 
tem components, resistor tolerances (if significant), and the 
sensor. However, you should reserve the largest part of the 
headroom for the device-to-device variations and tempera- 


ture effects on the sensor’s zero-pres- 
FIGURE 4 


FSS 


ess'(MinTemp-25)] is the temperature effect on 


sure Offset voltage. | 

The sources of variation from the 
other system components subtract 
immediately from the headroom so 
- you can focus on the sensor-related 
variations. (This subset of the total 
headroom is the calculated headroom.) 
The following expression gives the cal- 
culated headroom: 


Se| 1-1 —2¢V,,.— Maximum span. 
100 - 


This equation assumes the difference 
between V,,, and the high supply rail, or 
high reference of the ADC, equals the 
difference between V,,, and the low 
supply rail, or the low reference of the 
ADC; thus, the term: 2-V, ,). 

Step 6 is pivotal because it makes the 
transition from the performance 
requirements to the headroom require- 
ments. Before Step 6, the method con- 
sidered only the span of the sensor to 
guarantee a minimum resolution, 
despite device-to-device variation, 
component tolerances, and tempera- 
ture effects. After determining the cal- 
culated headroom, the remaining steps 
consider the offset variations from 
device-to-device differences and tem- 
perature effects. 

These offset variations add to form 
the required headroom (Fig 6). The 
required headroom is the number of 
bits the ADC’s dynamic range needs to 
accommodate the offset. variations. 
You compare this required headroom 


fied sensor span. 


the supply voltage. 
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DESIGN FEATURE 


with the calculated headroom to determine if the calculated 
headroom can allow for the offset variations. The calculated 
headroom must be greater than or equal to the required 
headroom. If not, you must relax the resolution requirement 
or reduce the variations rising from offset, span, or compo- 
nent tolerances (or all three). 

Step 7. Calculate the maximum offset drift, the maximum 
temperature effect on offset in Fig 6, rising from tempera- 
ture fluctuations. A conservative approach is to determine 
the maximum total voltage change over the entire operat- 
ing-temperature range. This maximum offset change is the 
product of the amplifier gain, TCV,,,, and the entire operat- 
ing-temperature range, from MaxTemp to MinTemp. 
Because the TC of offset can be positive or negative, the off- 
set may increase or decrease with increasing temperature. 
Although this step considers only the maximum magnitude 
of the temperature-induced change in offset, a segment in 
the required headroom is reserved for both possibilities: a 
positive or negative TC offset (Fig 6). The maximum tem- 
perature effect on offset is 
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FIXED-VALUE SENSOR SYSTEMS 
[Gain]-[TCV,,,,.]:-[MaxTemp-—MinTemp]. 


Step 8. Determine the maximum offset variation (Fig 7). 
This parameter is the total amount of required headroom 
that you must reserve for the entire distribution of sensor off- 
sets at room temperature. To determine the maximum off- 
set variation 


[Gain]-[MaxSensOff—MinSensOff], 


where the largest offset is Gain-MaxSensOff and the small- 
est offset is Gain-MinSensOff. 

Step 9. Calculate the worst-case minimum offset (Fig 7). 
This parameter uses both temperature effects from Step 7 
and device-to-device variations from Step 8 to determine 
the smallest possible offset over the entire distribution of 
sensor offsets and the operating-temperature range. This 
worst-case minimum offset occurs when a sensor has a nom- 
inal room-temperature offset of MinSensOff and a negative 
TC, so that the offset decreases with increasing temperature. 
MinSensOff is the smallest offset in the sensor-offset distrib- 
ution. The following expression defines the minimum off- 
set: 


TABLE 4—THE MIPX2010 PRESSURE SENSOR 


Headroom 
parameters 


Performance 
parameters 


[1 ]Resolution (%FSS) 
1.2 


Given 
parameters 


MaxFSS 
13 mV at 25°C 


[7]Maximum 
temp effect on 
offset 
0.14V 


[8]Maximum 
offset variation 
0.55V 


[9]Minimum 
offset 
—0:27V 


[10]Maximum 
offset 
0.27V 

[1 3V nee 
0.47V 


MinFSS [2]Number of steps 
12 mV at 25°C 167 


TOV 


: [3]Minimum required 
+1 %FSS°C 


span 
S27 


[4]Gain 
7 are 


[S]Maximum span 
3.61V 


MaxSensOff 
0:5: mV: at-25°C 


MinSensOff 
—0.5 mV at 25°C 


TV ore 
+0.5 mV, 0 to 85°C 
V, [6]Calculated [11]Required 
headroom 
0.55V 


[12]ls calculated 
headroom 
>required 

headroom? 


headroom 
0.74V 





5% 
MaxTemp 
85°C 
MinTemp 
0°C 
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[Gain]-[MinSensOff]|-maximum temperature 
effect on offset. 


Step 10. Compute the worst-case maximum offset (Fig 7). 
This parameter uses both temperature effects from Step 7 
and device-to-device variations from Step 8 to determine the 
largest possible offset over the entire distribution of sensor 
offsets and the operating-temperature range. This worst-case 
maximum offset occurs when a sensor has a nominal room- 
temperature offset of MaxSensOff and a positive TC, so that 
the offset increases with increasing temperature. Max- 
SensOff is the largest offset in the sensor-offset distribution. 
The following expression defines the maximum offset: 


[Gain]-[MaxSensOff]+maximum temperature 
effect on offset. 


Step 11. Determine the required headroom (Fig 7), which 
is the difference between the maximum and the minimum 
offset. This parameter is also the amount of voltage range (in 
bits of the ADC) the system requires to allow for device-to- 
device and temperature variations of the sensor’s offset. The 
equation for the required headroom is 


Maximum offset-Minimum offset. 


Step 12. Compare the required headroom of Step 11 with 
the calculated headroom of Step 6. The calculated headroom 
is the absolute amount of offset variation rising from device- 
to-device variations and temperature effects that the system 
can allow for the desired resolution. If the required head- 
room is greater than the calculated headroom, the desired 
resolution is not attainable for all worst-case variations from 
temperature effects, component tolerances, and device-to- 
device variations. The requirement to attain the desired sys- 
tem resolution is: 
Calculated headroom2=Required headroom. 
If your system does not meet this requirement, you can 
take the following actions: 
e Relax the resolution requirement, and repeat the 
method; 


MAXIMUM TEMPERATURE | 
EFFECT ON OFFSET 
(POSITIVE TC) 


eae 


(continued on pg 95) 









REQUIRED 
HEADROOM : 


to 


MAXIMUM TEMPERATURE | 
EFFECT ON OFFSET | 
(NEGATIVE TC) 


You must reserve segments in the required headroom for both 
positive and negative TCs of zero-pressure offset. 
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-Kick some byte. 


The One Gigabit DRAM With it will come the power to inspire 
your imagination. And the design "elbow room" to realize your dreams. In other words, 
Mitsubishi is designing a | Gb DRAM (0.15ym design rule) that will give design engineers 
some serious byte-kicking capability. 

In the meantime, our 64 Mb (0.3m design rule), and soon, 256 Mb (0.25yum design 
rule) EDO and synchronous memories will kick higher density and wider bandwidth designs 


into motion. 
Mitsubishi’s complete family of DRAMs, from 4 Mb to 256 Mb, EDO to synchronous, 


cache DRAM to 3D-RAM™ provide solutions for virtually 


lication. 
ne To cae he with your next design, im MITSUBISHI 


call 1-800-987-9653, ext. A or 408-774-3189. ELECTRONIC DEVICE GROUP 


This logo is representative of Mitsubishi Electric's environmental protection activities. 


©1995 Mitsubishi Electronics America, Inc., Electronic Device Group, a wholly owned subsidiary of Mitsubishi Electric Corporation. Products subject to availability. 
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FIXED-VALUE SENSOR SYSTEMS 


@ Reduce (tighten) the span or offset (or 
both), and repeat the method; 
@ Reduce the TCs, and repeat the process; 
@ Reduce the component tolerances, and 
repeat the method; or 
® Perform a combination of the above 
actions, and repeat the method. 
Step 13. You need a dc offset, V,..., to position 
the sensor’s span within the ADC’s window. 
This offset ensures that no device-to-device, 
temperature variation, or component toler- 
ances cause the sensor’s output to fall outside 
the window. Therefore, calculate the V,,, 
required to ensure that the sensor’s smallest 
zero-pressure offset voltage (minimum offset) 
is greater than or equal to V,,, (Figs 5 and 7). 
The sum of the reference voltage and mini- 
mum offset must be greater than or equal to 
the amplifier’s low saturation voltage, as the fol- 
lowing equation shows: 
ViertMinimum offset=V_. 
To solve for V,,., 
Viaer2V,>-Minimum offset. 
The reference voltage, Vee Mas variations from the toler- 
ances of the resistors in the divider that create Varp- LO ensure 
that the system variation from resistor tolerances is negligi- 
ble in comparison with other sources of variation, you 
should design the system using resistors having 1% toler- 
ances or better. 


Executing the method 

Tables 3 and 4 contain designs using the MPX10 and 
MPX2010 pressure sensors, respectively. The cell headings in 
the tables correspond to the designs in the text. In addition, 
the bracketed numbers next to the cell headings are the steps 
in the method. The first column lists the parameters that 
should be available in, or derived from, the data sheets for 
the appropriate components: sensor, amplifier, voltage reg- 
ulator, and resistors. 

The second column lists the performance requirements of 
the sensor system. This column lists the calculations for a 
minimum sensor span that you need to obtain the desired 
resolution, despite device-to-device variations, temperature 
effects, and component tolerances. The third column lists 
the calculations that determine the headroom for the sys- 
tem, the given component tolerances, the sensor-offset 
device-to-device variations, and the temperature effects. You 
can easily implement the table and design equations into a 
spreadsheet to efficiently perform the required calculations. 

Tables 3 and 4 show how sources of variation can affect 
the overall system resolution. The MPX2010 has on-chip 
temperature-compensation and calibration circuitry to 
reduce device-to-device variations and temperature effects. 
Consequently, when you design the fixed-value amplifier 
system, the possible resolution with the MPX2010 is almost 
four times greater than the resolution from the amplifier cir- 
cuit using an MPX10. In each example, the method opti- 
mizes the system resolution, taking account of the sensor 


| MAXIMUM OFFSET —————» 





MAXIMUM TEMPERATURE] 
_ERFECTIONOPPSE; = 


_ (POSITIVETC)__ 


_|MAXIMUM OFFSET VARIATION 
_ |(BEFOREADDING = ~—SWwREQUIRED | | 
_ |TEMPERATURE EFFECTS) © HEADROOM| 


MAXIMUM TEMPERATURE. | 
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The temperature effects of Fig 6 combine with device-to-device variations 
to determine the worst-case offset conditions. 


device variations and other component variations. 

This method does not address how to obtain the best per- 
formance from a single sensor system. Instead, the focus is 
on obtaining the best possible system performance while 
considering the distribution of device parameters that result 
from manufacturing and other sources of variation. By con- 
sidering the sources of variation, you can mass-produce the 
system without individually calibrating the sensor-system 
hardware. If the system’s calculations show that the sensor’s 
signal is within the dynamic range of the amplifier and the 
ADC, you can implement a software calibration to nullify 
any room-temperature device-to-device and component 
variations. EDN 


Authors’ biographies 

Eric Jacobsen is a systems and applications engineer for Motoro- 
la’s Sensor Products Division, Phoenix, where he has worked on 
product and system design and customer support for three years. 
He holds a BSEE from the University of Illinois, Urbana/Cham- 
paign, and is pursuing an MSEE at Arizona State University, 
Tempe, AZ. His hobbies include music and audio equipment. 


Jeff Baum is a systems-engineering manager at Motorola’s Sen- 
sor Products Division, Phoenix, where he’s worked for five years. 
He defines new products, develops system-level sensor circuitry, 
and designs new-product prototypes. A member of Eta Kappa Nu, 
Baum holds a BSEE from the University of Illinois, 
Urbana/Champaign, and an MSEE from the University of Ari- 
zona, Tucson, AZ. His hobbies include travel, studying Japanese, 
and combat-pistol shooting. 


VOTE 


Please use the Information Retrieval Service card to rate this article 
(circle one): 





Medium Interest Low Interest 


High Interest 
578 579 580 


EDN July 6, 1995 = 95 





CMOS-9 offers 2 million gates and 155MHz speed 


ur 0.35um gate arrays can take your system to higher The family offers 20 base arrays. They range from 190,000 
Oe of speed, integration and energy efficiency. to two million raw gates (1.2 million usable). 

And they can do it now. NEC is the first in the industry FASTER GATES 

to offer immediate availability of deep submicron ASICs. CMOS-9 also offers more speed. A 2-input NAND gate 





We've tested, proven and perfected our 0.35um process operates at 119 picoseconds (F/O=2, L=0.5mm). That’s fast 
during production of 64Mb DRAMs. enough to support high-end systems operating at clock 
HIGHER INTEGRATION speeds up to 155MHz. 

If you’re designing high-end computer, communication or | LOWER POWER CONSUMPTION 

networking products, the CMOS-9 family gives you four CMOS-9 consumes less power and generates less heat. 
competitive advantages. The first is higher integration. Operating at 3.3V, the new arrays dissipate only 0.9UW/ 


For fast answers, call us at: USA Tel:1-800-366-9782.Fax:1-800-729-9288. Germany Tel:0211-650302.Fax:0211-6503490. 

The Netherlands Tel:040-445-845.Fax:040-444-580..Sweden Tel:08-753-6020.Fax:08-755-3506. France Tel:1-3067-5800.Fax:1-3946-3663. 
Spain Tel:1-504-2787.Fax:1-504-2860. Italy Tel:02-6709108.Fax:02-66981329. UK Tel:0908-691133.Fax:0908-670290. Ireland Tel:01-6794200. 
Fax:01-6794081.Hong Kong Tel:2886-9318.Fax:2886-9022. Taiwan Tel:02-719-2377.Fax:02-719-5951. Korea Tel:02-551-0450.Fax:02-551-0451. 
Singapore Tel:253-8311.Fax:250-3583. Australia Tel:03-8878012.Fax:03-8878014. Japan Tel:03-3454-1111.Fax:03-3798-6059. 


MHz/gate. That’s 30% less than our 0.5um family, also 
known for low power consumption. 
MORE FEATURES 


To meet your needs for high-speed system design, CMOS-9 
features Digital Phase-Locked Loop (to minimize chip-to- 
chip clock skew) and Clock Tree Synthesis (to minimize on- 
chip clock skew). The family supports a wide variety of I/O 
functions, including PCI and 5V interfaces. Package options 
are PQFP, Tape 
BGA and PGA. 
Pin counts range 
from 160 to 696. 


Base arrays 
(3-layer metal) 


Raw gates 190,152 249,948 317,904 
Usable gates 114,091 149,968 190,742 
Signal pads 388 444 500 
NEC also offers 10 base arrays for 2-layer metal. 


All trademarks are property of their respective holders. 
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376,740 
226,044 


AVAILABLE NOW 

CMOS-9 not only speeds up your system. It also shortens 
your design cycle. Available now, the family is fully 
supported by our OpenCAD® Design System. OpenCAD is a 
seamless environment that lets you mix-and-match popular 
third-party programs with our proprietary tools. 

For immediate answers on how to raise system performance 
with 0.35~m ASICs, call NEC today. 
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The FLIP @entury) Series 


A New Era in VF Displays 


Key Features 


e Interface to Intel or Motorola 
host processors. 

e Emulate Hitachi 44780 data 
input.t 

e Parallel 8-bit or serial EIA-232 
data to 19.2Kb. 

e Low 5Vdc power. 

¢ 100% surface mount tech- 
nology. 

e Standard temperature range 
-20° to +70°C. Extended 
range available -40° to 
+85°C. 

anna ee ee —— ee e Hardware and software self- 
03702-020-05220 test modes. 





03602-100-05420 















Software Control Features 


eSelectable character sets: ASCII, 
European, Katakana, Cyrillic and 
Hebrew.t 


eSegmented displays have standard 
ASCII 64-character set. ae 


e Ten (10) user-defined, downloadable a 
characters.t 


e Vertical and horizontal scroll modes. 


eEight (8) software and hardware 
controlled dimming levels. 


e Variable blink fields and rates. 


e Screen saver control mode for increased 
tube life. 


¢ Bell alarm output.t 
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+t Dot matrix units only 


IEE is a sustaining member of BID 


Versatile, Compact, High-Performance... Value Priced! 


Package Size: 
Model Character Format Display Format Character Height Length Width Depth Max. Current 











03602-100-05420 5x7 dot matrix 4x20 5mm 500 2/76 £032 890mA 
03602-105-05220 5x7 dot matrix 2x20 5mm 500 225 £060 405mA 
03602-122-09220 5x7 dot matrix 2x20 9mm 775 258 £1.00 675mA — 
03602-124-09420 5x7 dot matrix 4x20 9mm 7/5 340 1007 1300mA 
03702-020-05220 14-segment 2x20 5mm 565 196 £#jJ62 270mA 
03702-021-08110 14-segment 1x10 8mm 500 160 #£#£=§4JY.9o0° 140mA 
03702-022-13112 14-segment Ixi2 13mm 720 240 =U 323mA 
03702-024-09116 14-segment 1xl6 9mm 670 230 O90 360mA 
03702-026-09120 14-segment 1x20 9mm B30 235 £U9s 390mA 
03702-029-13120 14-segment 1x20 13mm 10.20°. 193 O86 526mA 
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Cryptography is key to securing 
proprietary information 


ANTONY WATTS, SGS-THOMSON MICROELECTRONICS 


It’s no secret that digital 
information has become a 
hot commodity. Because of 
increased demands for elec- 
tronic information and the 
corresponding growth in 
value of this data, compa- 
nies are stepping up security 
efforts. Telephone compa- 
nies have deemed simple 
security mechanisms, such 
as fuses and transport codes, 
sufficient for applications 
such as prepaid telephone 
cards. But consumers and retailers are demanding more 
sophisticated security for applications involving credit cards, 
electronic mail, electronic cash, and home banking. “Cryp- 
tography” technology, which is the science of encoding and 
decoding messages, makes new levels of electronic security 
now viable for mass-market applications. 

Cryptography is not a new subject for the semiconductor 
industry; microprocessors have implemented schemes such 
as DES (Data Encryption Standard) for more than 20 years. 
However, the secret-key cryptographic technique upon 
which DES is based is now being challenged by public-key 
cryptography, which offers major advantages in many appli- 
cations. 

Growing interest in smart bank cards, “electronic purses,” 
and home-banking systems also raises security concerns. For 
example, a customer can use a home terminal to instruct the 
bank to pay bills by transferring money from one account to 
another. In this transaction, electronic security involves 
ensuring that the customer’s message will not be intercept- 
ed—and the identity of the payee altered. Similarly, the bank 
must be able to prove that the payment request was indeed 
sent by the customer (and that the message was not altered 
during transmission). A security system must also protect 
against a technique known as “replay,” where a genuine mes- 
sage (for example, one that instructs the bank to pay a certain 
sum into an account) is recorded and sent again and again. 


Computer and communications technologies 

are converging. Satellite and cable TV, elec- 
tronic mail, and smart bank cards are among 
the slew of applications involved. Some appli- 


cations routinely risk transmitting valuable 
information over low-security channels. By 
using cryptography, however, you can encode 
proprietary data and prevent its misuse. 





The most common securi- 
ty threats include the follow- 
ing: 

e Interception—passive 
eavesdropping 

e Replay—genuine mes- 
sages that are recorded 
and resent 

@e Masquerade—receiving 
a message from a source 
other than the source the 
message claims 

@ Repudiation—receiving 
a message that the sender 
later denies sending 

e Manipulation—intercepting and modifying messages 
for fraud or industrial sabotage. 

To protect against these threats, a cryptographic system must 
offer three features: 

@ Secrecy—to protect message privacy from anyone with- 
out an appropriate key to decipher encrypted messages 

e Integrity—to allow detection of whether a message has 
been altered 

e Signature—to establish sender identity and prove that 
an individual sent the message. 


Cryptographic systems 

All practical cryptographic systems operate in the same 
basic way. An encryption algorithm and key convert an orig- 
inal message, “plain text,” into a coded message, “cipher 
text.” A decryption algorithm and key are necessary to 
decode the cipher text. Security and secrecy normally reside 
in the keys, not in the algorithms, because using standard 
algorithms has clear commercial benefits. In fact, cryptogra- 
phers usually act on a worst-case assumption that the entire 
mechanism of encryption is known to all parties, which is 
called Kerckhoff’s Assumption. 

Cryptographic schemes fall into two distinct groups: 
secret-key and public-key methods. Fig 1 illustrates the 
secret-key system. The secret-key algorithm is fully reversible 
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and symmetric; decrypting the cipher text yields the origi- 
nal plain text. 

The most widely used scheme of this kind is DES, which 
breaks plain text into 64-bit blocks and encrypts each block 
using a 56-bit secret key to generate a 64-bit block of cipher 
text. You must use the same key to recover the original text 
from the cipher text. 

Encoding data is sufficiently complex to ensure that even 
the most powerful computers currently available would take 
more than 100 years to break the code. Unfortunately, any- 
one who knows the key can decode the message. In addition, 
there is no way of ascertaining whether the decoder is sup- 
posed to know the key. Similarly, although it is possible to 
use hash functions to add integrity checks to the message, 
the value of this move is undermined by the lack of a signa- 
ture facility. 


Scoring high marks 

Secret-key systems score high marks in secrecy but per- 
form poorly in other applications. These systems are also 
impractical in situations where many potential pairs of 
senders and receivers need to agree on a unique key to com- 
municate. The unique key is not a problem in banking appli- 
cations, because the bank can issue the keys in the same way 
as conventional PINs (personal-identification numbers). In 
e-mail systems, on the other hand, the number of keys can 
approach the number of users squared. 











HOW A SECRET-KEY SYSTEM WORKS: 


PLAIN TEXT OR 
CIPHER TEXT 


CIPHER TEXT OR 
PLAIN TEXT 


Public-key systems (Fig 2) are asymmetric; the encryption 
and decryption algorithms are different, so passing the 
cipher text through the encryption stage again does not 
yield the original message. For public-key systems, you need 
one key for encryption and another key for decryption. 
Although these keys are mathematically related, it is possi- 
ble not only to devise algorithms that allow the encryption 
key to be distributed publicly, but also to prevent discovery 
of the decryption key from this knowledge (Ref 1). 

To send a message using a public-key system, the sender 
looks up the recipient’s encryption key in a public directory 
and uses this to encrypt the message. He can then send the 


& 


If you’re measuring literature request response time with a calendar, start using a stop-watch. With a click 
of your mouse, you are seconds away from Marshall on the Internet and just about every type of information 
on Texas Instruments products you need. Information to find solutions and make critical decisions about 


your design. All on your PC. 
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HOW A PUBLIC-KEY SYSTEM WORKS: 


SECRET 


cipher text using an insecure communications method, such 
as the public-telephone system. The recipient then decodes 
the message using his secret decryption key. 

Public-key systems have two important benefits. The first 
is that you have to remember only your own decryption key, 
which greatly simplifies key distribution and management. 
The second benefit is that public-key systems offer the abil- 
ity to implement “electronic signatures,” a particularly 
important feature in applications such as home banking and 

electronic mail. 


De facto standards 

Although there are no international standards for public- 
key cryptosystems, de facto standards, such as RSA (named 
after Rivest, Shamir, and Adelman, who published their algo- 
rithm in 1977), have emerged. You can use public-key sys- 
tems without knowledge of the underlying mathematics, 
but the following simplified description of the RSA method 
illustrates the encryption and decryption processes. For this 
example, the message is a 512-bit number, equivalent to a 
block of 64 conventional 8-bit ASCII characters. Longer mes- 
sages are encrypted in 512-bit blocks. 

Suppose you choose two very large prime numbers, P and 
Q, and another very large number, d, which is relatively 
prime to (P-1)*(Q-1). Then calculate e, the unique number 
that satisfies the equation e*d=1 [mod ((P-1)*(Q-1))]. The 
pair of numbers (e, N), where N is congruent to P*Q, is the 





PUBLIC 


, CIPHER 
TEXT ie een 


encryption key; the number pair (d, N) is the decryption key. 

The encryption algorithm consists of raising the message 
to the power of e and taking the remainder when the result 
is divided by N. The result is the cipher text. Note that the 
same algorithm operating on the cipher text as the input and 
d instead of e as the exponent yields the original message 
(Ref 2). 

Although the encryption key (e, N) uniquely determines 
the decryption key (d, N), potential hackers can compute d 
only if they know the prime factors, P and Q, of N. Breaking 
the code is equivalent to finding the prime factors of the 
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number N; you can make the time 
required to do this arbitrarily large by a 
suitable choice of P and Q. Typical pub- 
lic-key systems use prime numbers with 
100 digits or more; with numbers of 
this size, the chance of success using 
any known factoring algorithm is effec- 
tively zero. At the same time, readily 
available computer algorithms can 
rapidly calculate suitable values for P, 
Q, d, and e. 


SECRET-KEY 
SENDER (SD) 


Electronic signatures 

One immediate advantage of public-key cryptography is 
that it eliminates key-management problems; a new mem- 
ber of a public-key system needs only to obtain a copy of the 
public directory and to distribute his chosen encryption key. 
However, you may opt to attach an electronic signature to a 
message. 

Electronic signatures are possible in a public-key system 
because the distinction between encryption and decryption 
keys and algorithms is arbitrary. Provided that the equation 
e*d=1 [mod ((P-1)*(Q-1))] is satisfied, it makes no difference 
whether you chose e or d as the encryption key. This means 
that you can encode a message using the secret key that is 
normally used for decryption and decode the cipher text 
using the public key normally used for encryption. 

As Fig 3 shows, you can sign an electronic message using 
a two-stage encryption. First, encode the message using your 
secret key, SD, to generate an intermediate cipher text, C1. 
This step provides no protection by itself because the decryp- 
tion key is freely available in the public directory. Following 
the first encryption by a second encryption using the receiv- 
er’s public key, RE, to generate the cipher text allows you to 
transmit the encrypted and safe data over an open commu- 
nications channel. 

On receipt of the cipher text, the receiver can use his secret 
key to decrypt the message. However, instead of the message, 
decryption yields the intermediate cipher text. The receiver 
can then decrypt the message with the public key. As a result, 
the receiver has the original message and the sender’s signa- 
ture. This method protects against masquerade and repudi- 
ation threats. The signature exists because you created a 
signed message by encoding with your secret Key. 


Additional safety features 

A third party can send a message purporting to be from 
you only if that party knows your secret key. If the third 
party uses any other key, the final decryption stage using SE 
will generate gibberish. Similarly, you cannot deny having 
sent the message because a message that decodes successful- 
ly with your public key must have been originally encoded 
with your secret key. 

By using hash functions and adding date and time data to 
messages before encrypting, you can provide complete pro- 
tection against replay and manipulation threats. Public-key 
systems thus satisfy all of the major cryptographic require- 
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"SIGNING" MESSAGES USING A 
TWO-STAGE ENCRYPTION PROCESS: 


SECRET-KEY 
SENDER (SD) 


PUBLIC-KEY 
RECEIVER (RE) 


PUBLIC-KEY 
RECEIVER (RE) 
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ments; many organizations, including the US National Insti- 
tute of Standards and Technology, the American Bankers 
Association, and the French Banking Association, have 
accepted the technique. 

Despite the significant advantages available with public- 
key cryptography, secret-key systems have enjoyed far 
greater use. Public-key algorithms require considerably more 
computational resources to match the encryption/decryp- 
tion speeds of secret-key systems. These resource require- 
ments have led to unacceptably high costs. , 

Secret-key cryptography requires a CPU to perform mod- 
ular exponentiation in the equation: M is congruent to Cd 
(mod N). Traditionally, this operation involves multiplying 
a number by itself, dividing the result by N to give a quo- 
tient, subtracting N*quotient from the number squared, and 
repeating the sequence d times. The division operation is 
particularly undesirable because it is the slowest of the basic 
arithmetical operations. 

With the discovery of algorithms that perform modular 
exponentiation without division (Ref 3), CPUs can speed 
computations. EDN 
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Hassle-Free “Monolithic” Solutions 


OPA544 is your hassle-free solution to power amp require- 
ments. It's a monolithic high current, high voltage op amp that 
delivers +2A while operating on up to +35V supplies. No 
messy, time-consuming, and expensive discrete designs—just 
drop it in and power up a wide range of electro-mechanical 
devices including motors, valves, and speakers. It's also ideal 
for programmable power supplies, automatic test equipment, 
and audio applications. OPA544 is easily your choice for 
simple, hassle-free power op amps. 


Low Cost Power Options 


OPA5S44’s 5-pin TO-220 package saves money—it’s your low 
cost solution. It's also available with stagger-formed leads. 
Need a dual? Try our OPA2544—wo high performance FET 
op amps with output stages on a single chip. For all your power 
needs—use OPA544 or OPA2544—1the power op amp 
solutions for every application. 
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FREE Sample and Selection Guide 


Add power to your next design—FAX 
(602) 741-3895 for a FREE QPA544 
sample. And, ask for a FREE copy of our 

new High Voltage, High Current Amplifiers 
guide. It describes the industry's most 
complete line of power op amps and 

buffers. Or, call your local sales rep for 

more information. 
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Philips’ family of 80C5! derivatives is the feature set available. But innovators never rest. Now, 


world’s largest. And most popular. Philips is extending the power of the 80C51 family 


With over 75 derivatives based on the 80C51, with a smooth migration path to 16-bit. The XA” 


Philips offers you the broadest range and richest (eXtended Architecture) is a high-performance 16-bit 
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architecture that also delivers superior code density. Source level code you'd expect from the world’s leading supplier of 80C51 microcontrollers. 
compatibility lets you run existing 80C51 source code through new assem- _— Push your designs to the leading edge and beyond. With the growing 
blers without modification. The result is unmatched price/performance. power of Philips 80C51 microcontrollers. Call Philips today. 


In short, moving from 8-bit to 16-bit couldn't be easier. Exactly what 1-800-447-1500 ext. 1181 
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HOW HP AND SYNOPSYS GOT THE 
HP LASERJET PRINTER TO MARKET FASTER. 


The HP Boise Printer Division needed to develop the key ASIC for a new HP LaserJet® Printer design — fast! So they took an Empowered 
Engineering approach and created a world-class design environment complete with HP 9000 workstations, Synopsys’ high-level design 
software and Logic Modeling SmartModels*— all in an integrated environment with a common database. 
Synopsys’ VHDL System Simulator” (VSS) and SmartModels” let HP simulate the ASIC with the major components surrounding it — 
pins-out verification —to verify its performance for production. Plus, Synopsys’ synthesis and VHDL code reuse capabilities will save HP 
redesign time in the future. HP’s designers can choose from 250 target silicon libraries and port code for the same 


chip to more than one vendor. This demanding process was expedited thanks to the great 


® 
performance of HP’s powerful 9000 workstations. Propel your products to market — SYNOPSYS 


with Synopsys and HP. Call 1-800-388-9125, email designinfo@synopsys.com or ", HEWLETT 
see us on the WWW at http://www.synopsys.com G PACKARD 
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Options dot the 





programmable-logic 
landscape 


RICHARD KAPUSTA, CYPRESS SEMICONDUCTOR CORP 


PLDs have emerged as indispensable tools for 
system designers. They have evolved from 
fast prototyping tools into production devices 


that quickly get your designs to market, when 
anticipated volumes don't justify the cost of a 
full ASIC design. 


When contemplating the use of PLDs, you face an array of 
options. Each PLD type has a unique set of characteristics 
that bring advantages and disadvan- 
tages to any design. Knowing how to 


sort out these differences is essential to FIGURE 1 
creating efficient, cost-effective er 
designs that wring the highest possible LOGIC 
performance out of the devices. BLOCK 
Three major PLD types are in use, SIMILAR 


each with a distinct architecture, 

Capacity, and performance capability: 

e A simple PLD comprises a single 
logic block. It is restricted in the 
amount of logic that can be imple- 
mented. The industry-standard 
22V10 is such a device. It has 12 
dedicated inputs, a product-term 
array, a product-term allocation 
scheme, 10 macrocells, and 10 I/O 
cells. 

@ A complex PLD (CPLD) comprises 





allocation function, macrocells, and I/O cells. These ele- 
ments connect to build desired logic functions. The num- 
ber of macrocells and inputs and the method of allocat- 
ing product terms vary with vendors’ product families. 
A field-programmable gate array (FPGA) is a collection of 
logic cells that communicate with each other and with 
I/O pins via horizontal and vertical routing channels (Fig 
2). Functions are built by connecting the logic cells. The 
logic contained within FPGAs is typically more versatile 
or fine-grained than that of simple PLDs or CPLDs. How- 
ever, the flexibility of FPGAs comes at a price; FPGAs can- 
not provide fixed delays, so they are more complicated 
to use. 


LOGIC” 


Nee 


CONNECT 


multiple logic blocks that commu- COMMUNIC "I eal 
nicate with one another through a BETWEEN LOGIC BLOCKS 


global interconnect (Fig 1). Each 
logic block in a CPLD is similar to a 





simple PLD, containing inputs, a In a CPLD such as the Flash370, logic blocks and 1/0 pins communicate with each 
product-term array, a product-term _ other through the programmable interconnect. 
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e A PLD’s capability depends on resources such as its 
approach to interconnect—the way in which it routes 
signals between logic blocks and I/O pins. In CPLDs, 
interconnects can occur in two ways: 

@ Ina full crosspoint switch configuration, typified by the 
Cypress MAX340 family. Such an interconnect is com- 
pletely routable; that is, any combination of simultane- 
ous signals can be routed to or from any logic block 
through the global interconnect. However, this arrange- 
ment is slow and large: The 100% crosspoint-switch- 
based interconnect sacrifices speed and die size for max- 
imum flexibility of signal placement and design 
modification. 

e A multiplexer-based approach, typified by the Cypress 
Flash370 CPLD family and used by many vendors. Dis- 
tributing all signals through multiplexers instead of a 
crosspoint-switch system reduces interconnect size and 
enhances speed. There are many implementations of 
multiplexer-based interconnects, and the ultimate 
routability of a multiplexer-based scheme varies from 
vendor to vendor. The Cypress Flash370 CPLD family 
provides much higher performance than CPLDs based 
on the crosspoint switch and provides a highly routable 
interconnect. 

Routability involves two aspects. First is the number of sig- 
nals the global interconnect provides into each logic block. 
If the maximum number of signals that can be routed to a 
logic block is smaller than the required number for a partic- 
ular logic function, then the design will not fit or will have 
to be partitioned among multiple logic blocks. 

The second aspect is the routability within the intercon- 
nect itself; that is, the probability of finding an interconnect 
that routes all the required signals into the appropriate logic 
blocks. 

Two factors make finding such an interconnect difficult. 


HORIZONTAL 
ROUTING 
CHANNELS 


I/O PINS 


Horizontal and vertical routing channels and 1/0 pins appear along the periphery ; 


of this pASIC380 FPGA. 
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First, as the number of signals that must be routed into a 
logic block approaches the maximum, it becomes much 
more difficult to find a way to interconnect the signals. Sec- 
ond, as you begin to fix the input location of these signals, 
it becomes harder to route them to the appropriate logic 
blocks. 

Additional problems can arise in some CPLDs if their 
design requires logic changes after a pinout produces a suc- 
cessful route. With the changes, the design may no longer 
fit with the same pinout. Some architectures feature better 
interconnect routability than others, and you should care- 
fully consider routability as you select your device. 

After interconnect, the second major resource to consider 
in evaluating a PLD is the characteristics of the logic blocks 
themselves, such as their ability to perform logic on a given 
number of inputs. Logic-block capabilities have evolved 
since the introduction of the now-ubiquitous simple PLD, 
the 22V10. This device has a fixed number of product terms 
available to each macrocell, designated by the numbers 10, 
12, 14, and so on. If you use fewer product terms than the 
designated capacity of a macrocell, you lose the rest because 
you cannot steer them to another macrocell. Furthermore, 
multiple macrocells cannot share a product term, so you 
must duplicate this logic at every macrocell that requires it. 
The concepts of steering and sharing are important because 
they permit more efficient utilization of device resources and 
enhance performance. 

As CPLDs emerged, vendors attempted to implement 
product-term steering and sharing. With product-term steer- 
ing in many early CPLDs, designers moved a group of logic 
from an adjacent macrocell when a function required more 
product terms than those allocated to a macrocell. This 
movement increases the amount of logic available to that 
macrocell, but it also strands the adjacent macrocell with no 
logic, reducing the overall utilization of the CPLD and result- 
ing in wasted resources because no 
logic is available for them. 

The product-term sharing that many 
CPLDs use allows you to implement 
logic once and use it multiple times in 
generating other more complex func- 
tions. The basic problem in most 
implementations of this scheme is the 
added signal delay using these shared 
resources incurs. 

The most advanced CPLDs employ a 
method in which software steers and 
shares single product terms as needed 
without stranding macrocells or incur- 
ring any extra delay (Fig 3). 


g~ LOGIC CELL 


Capabilities of FPGAs 
The architecture of an FPGA differs 
widely from that of a CPLD. Instead of 
a global interconnect matrix, the logic 
cells of an FPGA communicate with 
one another via vertical and horizontal 
routing channels. A typical FPGA logic 
cell is smaller and less complex than 
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that of a CPLD. The cell usually com- 
prises a register with associated logic 
and has multiple inputs and outputs 
(Fig 4). 

An FPGA design typically employs 
an I/O pin, one or more logic cells, an 
optional register, and another I/O pin 
leading off the chip. The delays 
imposed by the wire and programma- 
ble elements, the number of cascaded 
logic cells, and the propagation delay of 
each logic cell determine the ultimate 
design performance. The capacity 
depends upon the flexibility inherent 
in the logic cells and the routability of 
the interconnect. 

An FPGA’s technology impacts both 
the interconnect delay and the 
routability. The two major types of 
FPGA technologies are SRAM- and anti- 
fuse-based. The smaller size of the anti- 
fuse interconnect permits many more 
programmable elements to fit on a chip 
of comparable size and density. An 
SRAM-based FPGA, with fewer possible interconnects, is 
more restricted in its routability than an antifuse-based 
FPGA. On the other hand, an SRAM-based FPGA has the 
advantage of reconfigurability, a feature that some applica- 
tions require. 

SRAM- and antifuse-based FPGAs also differ in their logic- 
cell architecture. Although no logic-cell configuration is 
inherently better than another, the two architectures are dis- 
tinguished by whether they are fine- or coarse-grained. Anti- 
fuse FPGAs typically use the fine-grained approach, which 
involves quite small and relatively simple logic cells. You 
have to use more logic cells-to implement a function than 
you would to implement an equivalent function with a 
coarse-grained FPGA. Thus, a fine-grained approach relies 
more heavily on the interconnect and multiple cascaded 
cells, which may slow performance. 

However, if the interconnect and logic cells are inherent- 
ly fast, delays aren’t a problem. Alternatively, with SRAM- 
based FPGAs, you must minimize interconnect because of 
the higher delay and fewer fuses available, thereby limiting 
your routing choices. 


SINGLE-PRODUCT- 
TERM SHARING 


logic. 


Selecting the right device 

Your choice of PLD may involve several trade-offs. For 
example, the smallest PLDs are usually the fastest. However, 
they are also the least dense and may not be able to accom- 
modate your design in one device. The maximum rating of 
a 22V10 can vary from vendor to vendor, but the leading 
edge today is approximately 175 MHz, corresponding to 
about a 4-nsec delay from input to output. A CPLD works 
better in more complex designs because it is somewhat like 
having many smaller PLDs on one chip. 

For a 7.5-nsec delay, CPLDs can reach approximately 150 
MHz. For some CPLD families, taking advantage of various 
architectural features affects design performance, and the 


Product terms go to macrocells on an individual basis as the software requires in 
this Flash370 CPLD product-term allocator. As many as four macrocells can share a 
product term without performance penalty, eliminating the need to duplicate 
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maximum performance rating of a device applies only to the 
simplest of designs. In other words, make sure that a CPLD 
with a 7.5-nsec input-to-output delay in its data sheet will 
perform your design at that speed before you make your 


- decision. 


The story is different for FPGAs. It is difficult to provide 
specifications for parameters such as propagation delay and 
maximum frequency because they depend completely on 
the placement and routing of the design. An absolute tim- 
ing prediction is, therefore, impossible. An FPGA is general- 
ly slower than a CPLD or simple PLD, depending on the 
application. In terms of density, FPGAs are the largest devices 
in the PLD spectrum. 

The ease of predicting design performance based on the 
manufacturer's data-book specifications is also an important 
concern. Predictability is tied closely to the general ease of 
use of each PLD family. As a rule of thumb, the smaller the 
device, the more predictable it is. With a 22V10, you typi- 
cally know in advance exactly what the performance will be. 

CPLDs are somewhat less predictable but vary from fami- 
ly to family. Some CPLD families have specifications for tim- 
ing delays that depend on factors like fan-out or the number 
of product terms. The software compiler ultimately makes 
these implementation decisions, forcing you to implement 
the entire design before knowing what the performance will 
be. Other CPLD families have more straightforward timing 
specifications and are, thus, much easier to use. Finally, FPGAs 
are the least predictable of PLDs: You must implement the 
design before knowing what the final performance will be. 

To determine which device will meet your performance 
requirements, you can use the benchmarks provided by the 
Programmable Electronics Performance Corp (PREP) (see 
box, “Using the PREP benchmarks”). In addition to perfor- 
mance, though, consider the tools available for implement- 
ing the design (see box, “Design-tool considerations”). 
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Choosing a PLD based on density is 
a cut-and-dried decision. If your design 
calls for a certain capacity, your choice 
is circumscribed. The problem lies in 
determining the true capacity of a 
device. Two FPGA vendors may offer 
products listed as 4000-gate devices, 
but the actual densities they provide 
might differ widely. 

The real question is, “How many 
gates are usable?” In a CPLD applica- 
tion, if your design contains signals 
with very complex logic, it may borrow 
logic from other macrocells, thus 
stranding macrocells throughout the 
device. The actual density available 
might be much smaller than the ven- 
dor-specified density. One way to get 
reasonable assurance of the actual den- 
sity and whether your design will fit is 
to use the PREP benchmarks. 

Power consumption is an important 
consideration in any design, especially 
with the current rapid growth of mobile communications 
and portable computers. Because the power a PLD 
consumes depends on the speed of operation and varies 
from vendor to vendor, it’s difficult to create a guide- 
line based on power alone. As a rule, for the same appli- 
cation, a CPLD consumes more power than does an FPGA. 
Typically, flash- or EEPROM-based PLDs require more 
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This fine-grained pASIC380 logic cell accommodates 23 inputs from routing chan- 
nels and provides five outputs. 


power than SRAM- or antifuse-based devices. 

State machines are among the most popular applications 
for programmable logic. Because CPLDs and FPGAs differ in 
architecture, the optimal state-machine implementation 
also differs. FPGAs have a register-intensive architecture, and 
the amount of logic per register is less than that of a CPLD. 

(continued on pg 114) 


UsiING THE PREP BENCHMARKS 





_ In 1991, eight PLD vendors in association with programma- 
_ ble-logic users formed the Programmable Electronics Perfor- 
_ mance Corp (PREP) to provide a comparison standard for the 
_ relative capacity and performance of field-programmable gate 
_ arrays (FPGAs) and complex PLDs (CPLDs). The PREP mem- 
_ bers developed a suite of nine benchmark circuits to objec- 
_ tively evaluate the relative performance and capacity of the 
_ various devicesinadesign. __ 

| These benchmarks provide a means for comparing the rel- 
_ ative impact of device architecture and technology imple- 
mentation on performance and capacity. The actual imple- 
_ mentation of each circuit is left to the device vendor, which 
_ implies that the reported results are the absolute best for each 
- device. The functionality of each implementation must exact- 
_ ly match the PREP benchmark specification, and any user must 
be reproducible by any user. © 

_ The benchmark data quantifies the speed and logical 
_ capacity of the PLDs. You measure the capacity by instantiat- 
_ ing the benchmark circuit multiple times in a single device 
until the device is filled. You calculate the performance by 
_ measuring the instance-to-instance performance for each rep- 
_ etition of the benchmark and then reporting the best, worst, 
_ and arithmetic mean of the internal clock-to-clock maximum 
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frequency based on worst-case guaranteed device specifica- 
tions. The external frequency also uses the clock-to-output | 
specification and the external pin-setup time between the last 
instance and the first. | 

Each PREP member seeking PREP certification for é a eee | 
must report benchmark data for all nine benchmarks in a stan- 
dard format and submit them for verification and certification | 
by a third party before publication of certified results. PREP | 
itself cautions that, although benchmarks are important, they 
are not a substitute for data sheets, and they provide a limit- 
ed view of device capabilities. 

The benchmarks can be useful as a first-level, coarse screen- 
ing in selecting a device, but keep benchmark limitations in 
mind. In most cases, the interconnection of multiple instances 
in a benchmark circuit is unlike the interconnections in real 
designs. As a result, the reported capacities for a device may | 
be higher than actually available in a real design, and real | 
design may exhibit slower performance than the benchmark | 
because of denser interconnection. 

Further, PREP does not endorse averaging data for a sceone | 
across all nine benchmarks. Such averages in vendor data | 
sheets can be misleading. In general, you cannot use the | 
benchmarks to predict system design performance. | 
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Thus, you can take advantage of the inherent architectural 
edge of CPLDs by minimizing the number of registers your 
design requires. 

In sequential state encoding, you assign each state a bina- 
ry value starting with zero and progressing sequentially. In 
some very complex state machines, the amount of transition 
logic for a sequentially encoded state machine exceeds the 
maximum logic available in even the most sophisticated 
CPLDs, and you should use another state-encoding scheme. 

Another architectural advantage that some CPLDs have 
over FPGAs is the programmable, T-type register. For some 
state-machine designs, such devices can significantly reduce 
the amount of required logic, producing a compact and fast 
implementation. Counters implemented in CPLDs using T- 
type registers usually use fewer product terms than those 
implemented in CPLDs that use D-type registers. As the 
width of the counter increases, the number of product terms 
saved also increases. Furthermore, the addition of features 
such as load, enable, reset, and preset does not add signifi- 
cant logic requirements, and you can implement these fea- 
tures at the maximum rated frequency of the device. How- 
ever, vendors of some CPLD families rate the maximum 
performance of a device differently for T- and D-type devices 
(Ref 1). 
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When targeting a state-machine application into an 
FPGA, choose a state-encoding technique that minimizes 
the logic between each state transition. One example of this 
type of state encoding is called “one-hot” state encoding, 
which uses one register per state. Thus, a one-hot-encoded 
state machine with 12 states would require 12 registers. Such 
a machine can take advantage of the more register-intensive 
architecture of an FPGA. The ultimate goal is to reduce the 
state-transition logic to a single logic cell. 

Just like in CPLDs, for simple state machines, one-hot 
encoding may be too simplistic and require more registers 
than an alternative approach that would employ fewer reg- 
isters but more transition logic between each register. You 
would have to base this decision on the synthesis-tool and 
place-and-route results. 

When deciding between an FPGA and a CPLD for a state- 
machine application, consider the performance require- 
ments along with the logic complexity required for each 
state transition. CPLDs are inherently faster than FPGAs in 
state-machine applications, as PREP benchmarks 3 and 4 
show (Table 1). However, if performance is not the overrid- 
ing concern, base your choice on state transition-logic 
requirements. Furthermore, other functions the application 
requires might weigh the decision in favor of an FPGA or a 
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- ronment built around a third-party vendor's tools and want to 
incorporate PLD design into your design process. You may also 
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) — tool to use to describe, ua 


logic into a standard format. Getting a tool to map to the | 


The schematic-capture approac 


based version of the library components. _ 





On ihe other hand, you may ‘already have a dese envi-- 


prefer a tool that supports a broad range of PLDs so you don’t | 
have to learn a new tool every time you use a different \ ven- 


are available | in the tool to ay the | most efficient design. 


route engines into third: spay aks will continue to improve | 
the tools’ efficiency and effectiveness. | 
CPLDs historically have been more amenable to traditional | 
third-party approaches that generally synthesize a product's | 







widely varying FPGA architectures requires different synthesis 
and optimization strategies. The ultimate consideration may | 
be one of design style: whether to use a hardware-description 
language, such as VHDL, or a schematic-capture approach. 
you tailor your design to | 
the idiosyncrasies of an archit _ ib | 
based design, and some tools even provide u: users with a Ne DL- | 








However, using VHDL or another HDL lets you ‘Guidi run 


your design through one or more tools to see how they map | 


to the target device. Doing y 
ous Syne tools is a good 


ir own benchmarking of vari- | 
aera Electronics | 

















y tors, but be aware or thee tigietore “You | 

t interpret the benchmark results to indicate that one | 
device gets twice as many insta any other i in building ae 
state machine. But the tool | or the design style you | 














~ employ may not give you the same level of efficiency. The syn- | 


thesis to the target device affects the resulting design. It is, | 
therefore, important to understand what kind of special or | 
architecture-specific synthesis and optimization techniques — 
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Can Your Simulat Gia aaNbIeS2 
* Powerful Simulation Capability 


Simulate all types of designs: Power, ASIC, RF, Mixed Mode. 
System-Level, Mixed Technologies (Electrical, Mechanical, and 
Thermal) and Mixed Environment (Hardware/Software). 


* IsSpiceE 4 Gives You More 


The First and Only Truly Interactive Native Mixed Mode SPICE 3F i 

based simulator with UNLIMITED circuit size. Combine analog, ! 
digital, behavioral, procedural, and sampled-data elements with 
state machines, array processing algorithms (wavelet transforms, aa) 
FFT), and hardware (fast equipment, microphones, speakers et ee - en 

WOW!! Can Your SPICE Do That? 3 New Keyless 


* Completely Integrated System = Network Version 


Systems include Schematic Entry, Interactive SPICE Simultion, 

Extensive Model Libraries (over 6000 models), and Graphical Data “i 

Processing. Call, Write, or e-mail for your FREE 
* HDL Model Development Working IsSpice Simulation Kit 


Develop analog, digital, mixed mode, and non-electrical models, 


using a C based high level description language. P.O. Box 710 San Pedro. CA 90733-0710 
SaaS : : ) 
* Platform and Product Support = sICIMECHIONSC CHOY ALONE PV aChLOnsicicne\<jots; 


Windows (32s), Windows NT(x86, Alpha, Mips), DOS, Macintosh = ft e-mail 74774.2023 © compuserve.com 
and Power Macintosh, FREE Modeling Service. intuso FTP Site - ftp.iee.ufrgs.br 


Lae Viielaerle)(-mmalas 
Complete systems are available for $595 - $2595. 





The Future is Interactive! 
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CPLD. Alternatively, you could . 
explore both FPGA and CPLD options TABLE 1—CPLDs vs FP GAs IN PREP 


after synthesis and place-and-route 
and base your decision on actual sim- 
ulated performance in the applica- 
tion. In this case, choose state-encod- 
ing methods separately for each target 
architecture to take advantage of the 
device’s inherent architectural charac- 
teristics. 


“Device 
CPLDs 


Arithmetic functions 
In general, FPGA architectures are |_ so 


_ Altera EPM7032-6 iL. 

| Altera EPM7064-7 3 | 2 
| Altera EPM7096-7 12 | 78 
Altera EPM7128-10 100~—~C—™dssi“ ‘éi‘SOC; 


BENCHMARKS 3, 4, AND 6 


Internal frequency 





Altera EPM7192-12 


Altera EPM7160E-10 
Altera EPM7256E-12 





AMD MACH230-15 





more adaptable to arithmetic applica- _ Cypress CY7C371-143 o 
tions than are CPLD architectures. The Cypress CY7C374-100 
simplest type of arithmetic application Cypress CY7C375-100 


is an accumulator. The 16-bit accumu- 
lator circuit is one of the PREP bench- 
marks, and you can take advantage of 
the PREP benchmark data when decid- 





Lattice pLSI1048-80 
Lattice pLSI2032-135 


Salis oti Pe 2 te te we 


ing which type of architecture to use. Average CPLD 
Using the official PREP benchmark | performance ae 








numbers, according to PREP PLD 


Xilinx XC7272A-16 


FPGAs» Actel A1225-1 


Benchmark Suite 1, Versions 1.2 and Actel A1240A-2 


1.3 for Benchmark 6, you can average 
the internal frequency for all the certi- 
fied CPLDs. Then, average the same 
parameter for all of the certified FPGAs. 
(PREP does not endorse the averaging 
of PREP benchmarks.) Comparing. 
these values shows that, for the accu- 
mulator circuit, FPGAs typically oper- 
ate faster than do CPLDs. 

Most FPGAs have a much finer- 


Actel A1280-1 
Actel A1425 


grained architecture than that of _ AT&T AT&TICO7-2 


CPLDs. The granularity also varies even 
among FPGA devices. The finer the 
grain of an architecture, the more flex- 
ibility it offers in implementing the 
logic associated with arithmetic circuit- 
ry. For example, the Cypress pASIC380 
FPGA devices employ a multiplexer-based, logic-cell archi- 
tecture that allows the implementation of efficient carry- 
select accumulator circuits. FPGAs that are not multiplexer- 
based excel in arithmetic applications because of dedicated 
carry calculation and passing circuitry built into the devices 
themselves. 

Whatever your application, try many target architectures 
before choosing the device to use. This approach can be 
time-consuming and costly, however. Intelligently using the 
PREP benchmarks helps make your job easier and more sat- 
isfying. EDN 


Average FPGA 
performance 
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Introducing Interpoint’s new high- 
density, high-performance MK200 
dc-dc converter. 

If you're designing power supplies 
into military or aerospace systems, 
the new MK200 Series will put 
uncompromising performance on 
your board. 


SINGLE 


Vout Output Ripple 
mVp-p 


SSS 
SSS 


1 MHz operating frequency (fixed) ¢ 500V, 100 Moh 
isolation ¢ 150 grams weight ¢ 2.4 x 2.28 x 0.45 in. 
(61.0 X 57.9 X11.4 mm) © 16 to 40 or 19 to 40 Vdc 
input ¢ Wide range output trim 


They provide the industry’s highest 
usable power density: 80W/in’, from 
-55° to +125° C with no external 
components. That’s up to a full 200 
watts of output power in a low- 
profile, standard-pinout part half the 
size of “the brick” Internal filtering 
and low noise levels eliminate 
external filters. Efficiencies up to 
90% drastically reduce heat sink 
requirements. 

These high reliability dc-dc 
converters are packaged in six-sided 
sealed metal cases and utilize 
hermetically sealed silicon. They meet 
MIL-STD-810 





environmental | VISA | 





standards, and are 
tested to the stringent thermal shock 
conditions of MIL-STD-202. 

To order samples and complete 
specifications, call Interpoint today at 


1-800-822-8782 | and power up 


your board in half the space. 


interpoint 


Corporate Headquarters 

P.O. Box 97005 Redmond, WA (USA) 98073-9705 
(206) 882-3100 Fax: (206) 882-1990 

Internet: power@intp.com 





International Headquarters 

Fleet, Hampshire (UK) 

Ph: 44-1252-815511 Fax: 44-1252-815577 
Internet: poweruk@intp.com 


Interpoint France 

Paris 

Ph: 33-1-34285455 Fax: 33-1-34282387 
Internet: powerfr@intp.com 
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TOKIN TECHNOLOGY UPDATE 


THE ART OF THE SMALL 


Precision capacitors for small spaces and a broad range of applications 


The growing demand for 

smaller end products calls for 
fresh, challenging designs. Now, 
TOKIN is meeting this challenge 
with a newly expanded lineup 
of compact capacitors that makes 
it easier than ever to satisfy 
exacting miniaturization needs. 
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So whatever you have 
in mind—switching power 
supplies or DC-DC converters, 
drive circuits or LCD module 
controllers —check out the 
TOKIN lineup. You'll find the 
ideal capacitor to fit your needs, 
with plenty of room to spare. 


frequency characteristics, 
exceptional reliability and 
convenient surface mounting. 


Capacitance ranges from 1 to 
22 FuF, and all models feature 
low impedance, excellent 


Temperature vs. DC bias characteristics 


20 
— 


Product lineup and dimension "T" 
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Tokin Electronics (HK) Ltd. 

Unit 705-707, Chiwan Tower, Park Lane Square, 1 Kimberly Rd., 
Tsim Sha Tsui, Kowloon, Hong Kong 

Phone: 730-0028 Fax: 375-2508 

Taiwan Liaison Office 

Phone: (02) 7728852 Fax: (02) 7114260 

Singapore Branch 

Phone: 2237076 Fax: 2236093, 2278772 

Shanghai Liaison Office 

Phone: 21-433-4488 Ext. 80809 Fax: 21-433-3265 Ext. 80809 


Tokin Europe GmbH 


Hellersberg, Str.: 14, 41460 Neuss, Dusseldorf, Germany 
Phone: 2131-1866-0 Fax: 2131-1866-18 


Tokin Corporation 

Head Office 

7-1, Koriyama 6-chome, Taihaku-ku, Sendai, Miyagi-ken 982 Japan 
International Sales Department 

Sumitomo Seimei Sendai Chuo Bidg., 6-1, Chuo 4-chome, Aoba-ku, 
Sendai 980, Japan 

Phone: 022-211-1281 Fax: 022-211-0975 

Seoul Representative Office 

#602, Champs-Elysees Bldg., 889-5, Daechi-Dong, Kangnam-gu, 
Seoul, Korea 

Phone: (2) 569-2582~5 Fax: (2) 554-7087 


Tokin America Inc. 

155 Nicholson Lane, San Jose, California 95134, U.S.A. 
Phone: 408-432-8020 Fax: 408-434-0375 

Chicago Branch 

9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. 


Phone: 708-215-8802 Fax: 708-215-8804 CIRCLE NO. 66 
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TANTALUM CHIP 
CAPACITOR WITH 
FUSE. 


The TCF Series of tanta- 
lum chip capacitors 
includes a built-in fuse to 
protect against the possi- 
bility of fire if the polarized 
device is mounted incor- 
rectly. The capacitors are 
available in values from 1 
to 10 pF in the A (3216) 
case size and up to 33 uF 
in the B (3528) case size. 
Rated voltages range from 
4 to 35V. Tests on the TCF 
devices after soldering 
show 4Q equivalent series 
resistance. Prices range 
from $0.085 to $0.105 
(1,000,000). Rohm 
Corp, Electronics Div, 
Nashville, TN. (615) 641- 
2020. Circle No. 425 








LINE-MATCHING TRANSFORMER 
FITS PCMCIA CARDS. 


The PT73086 surface-mount line- 
matching transformer has a maximum 
height of 0.172 in. and a footprint of 
0.790X0.670 in. The device meets the 
V.32 and V.32bis standards for modem 
applications. Key specifications include 
a nominal impedance of 6000, —76-dB 
distortion, and an insertion loss of 3.15 
dB at 1 kHz. The device costs $1.05 
(100,000). Datatronics Inc, 
Romoland, CA. (909) 928-7700. 
Circle No. 426 


SURFACE-MOUNT CHIPS SUPPRESS EMI. 


The LCB-0805 EMI suppressor has a standard 0805 
footprint, 6002 impedance, and a dc resistance of 
1.0Q. The JCB-0805 has a 3000 impedance and a 
dc resistance of 0.50. The KCB-0805 has a 1200, 
impedance and a dc resistance of 0.60. Maximum 
current for all devices is 200 mA. Operating temper- 
atures are from —55 to +125°C. The devices cost 
$0.11 (100,000). Associated Components Tech- 
nology, Garden Grove, CA. (714) 636-2645. 


> RESISTORS 
>» CAPACITORS 
>» INDUCTORS 


LOW-PROFILE 
TANTALUM CHIP o | 
CAPACITOR. 


The Type 592D tantalum 
chip capacitor measures 
0.047 in. above the 
board. The conformally 
coated device fits stan- 
dard molded chip- 
mounting-pad dimen- 
sions. The 12 
capacitance values are 
available from 1.0 to 100 
wF with voltage ranges 
from 4 to 35V at 85°C. 
Typical performance rat- 
ings for a 22-wF, 16V dc 
device at 25°C include 
an ESR of 1.850 at 100 
kHz, a dc-leakage current 
of 0.01 wA/CV, and a dis- 
sipation factor of 6% at 
120 Hz. Typical price for 
a 10-wF capacitor with a 
10W-Vdc rating and a 
+20% tolerance is 
$0.336 (1000). 
Sprague, Columbus, 
NE. (402) 563-6350. 
Circle No. 427 


Circle No. 428 
(continued on pg 120) 
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ISOLATION 
TRANSFORMERS. 


DU and SU series isolation 
transformers accommo- 
date international input 
voltages and are available 
in models from 250 VA to 
10 kVA, with the VA rating 
doubled for autotrans- 
former connections. The 
transformers feature 
2500V-rms HIPOT, Class A 
insulation (105°C) and a 
grounded 2-mil-thick cop- 
per-foil electrostatic shield. 
They are designed with 
dual primaries (DU Series) 
and secondaries (SU 
Series). Windings are iden- 
tically rated at 0/104/ 
110/120V ac or 0/208/ 
220/240V ac, letting you 


connect primary and sec- 
ondary windings in series 
or in parallel. Prices range 
from $53.50 to $480 
(100). Signal Trans- 
former Company Inc, 
Inwood, NY. (516) 239- 
av 77. Circle No. 429 
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DUAL MIL-STD-1553 
TRANSFORMER HAS SMALL 
FOOTPRINT. 


The TST-9000 has a case 
measuring 0.625 x0.625 x 
0.28 in. high. The dual 
transformer has a 10,000-hr 
life expectancy and meets 
the MIL-STD-1553 require- 
ments for component isola- 
tion and common-mode 
rejection ratio. The trans- 
formers are encapsulated in 
a diallyl phthalate case and 
tested in compliance with 
MIL-T-21038 and MIL-STD- 
202. All models have center- 
tapped primaries and multi- 
tapped secondaries to 
accommodate existing sys- 
tems. The transformers cost 
$90 (10). Beta Trans- 
former Technology Corp, 
Bohemia, NY. (516) 244- 
73523; Circle No. 430 
























































SURFACE-MOUNT 
TRANSFORMERS FOR 
PCMCIA MODEM 
APPLICATIONS. 


The transformers meet the 
voice, data, and facsimile 
requirements of the 
V.34bis 28,800-bps proto- 
col. The transformer- 
mounting footprint mea- 
sures 0.33 X0.40 in., and 
the height measures 
0.164 in. It has a turn ratio 
of 1:1 and a frequency 
response of 0.15 to 0.35 
dB from 300 to 3500 Hz. 
Insertion loss is 2.7 dB 
+0.4 dB, and return loss is 
25 dB minimum at 300 to 
3500 Hz. Total harmonic 
distortion is 82 dB typical 
and 89 dB maximum at 
600 Hz and —-10 dBm. 
These transformers meet 
the telecommunications 
requirements of FCC Part 
68. The TTC-103SL is for 
surface mounting with 
board cutout; the TTC- 
203SL is for surface 
mount; and the TTC- 
303SL has a through-hole 
mounting. The transform- 
ers cost $3.52 (5000). 
Tamura Corp of Ameri- 
ca, Temecula, CA. (909) 
699-1270. 

Circle No. 431 
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IDT is the 
ratio i only vendor 
8K x 9, all operating as fast as 
~_ 26ns! Ute are ideal for 


+5V-equivalent 

- functions need- * 
—edto build high-per- 
eee systems, 


dual port 

‘memories, 

giving desion- j 

ers viable 

alternatives to mul- 
tiplexed SRAM 
implementations, 

and providing lower-cost- 
per-bit options for shared 
memory while maintaining 
high levels of performance. 


Kit Code 0341 


The IDT logo is a registered trademark and Double- 
Density, Orion, RV3041, RV3071, RV3081, RV4600, 
RV4650, RV4700, and RiSController are trademarks 
of Integrated Device Technology, Inc. 

All others are trademarks of their respective owner. 








Ns The new MacroDens' 
Seertoar) DC/DC converter. So small it’s 
bound to make a big impression. 


The latest in a long line of DC/DC converter innovations for distributed 
power from Ericsson, the MacroDens™ is unlike any other 3-7 watt device on 
the market. In a remarkably small 18-pin DIL package measuring just 
————— 48mm x 24mm x 8mm (1.89” x 0.94” x 0.31”), the different versions weigh 
1S (0.5202) only 15-20 grams (0.52 - 0.710z). This makes it the first device of its type 
suitable for automatic placement. And there’s a choice of through-hole or 
surface mount versions. 

The size of the MacroDens™ does not limit its specification: 38 to 72 Vdc 
input range; a choice of 2, 3.3, 5 or 12 V outputs; and 1,500 Vdc isolation. 
And thanks to its optimized flyback circuitry, smart power chip, and highly 
integrated design, the MTBF is more than 400 years! 

Low Cost If you need more power, simply parallel MacroDens™ converters together. 
You don’t even need load sharing components. 
4 In short, the MacroDens™ is certainly the world’s most advanced miniature 
DC/DC converter, so it’s bound to make a big impression. Call us for the full 
specification. 
















1,500 Vdc 


isolation Sweden Stockholm, Tel: +46-8-721 6356 Fax: +46-8-721 7001 


Brazil Sao Bernardo do Campo, Tel: +55-11-759 6622 Fax: +55-11-759 5208 
Denmark Kgbenhavn, Tel: +45-33 88 31 00 Fax: +45-33 88 31 05 

Finland Helsinki, Tel: +358-0-299 4189 Fax: +358-0-299 4188 

France Guyancourt, Tel: +33-1-30 64 85 00 Fax: +33-1-30 64 11 46 
Germany Diisseldorff, Tel: +49-211-5340 Fax: +49-211-534 1514 

Great Britain Swindon, Tel: +44-1793-48 83 00 Fax: +44-1793-48 83 01 

Hong Kong _ Hong Kong, Tel: +852-2590 2388 Fax: +852-2590 7152 


Italy Milano, Tél: +39-2-55 21 26 16 Fax: +39-2-55 21 30 36 
Norway Oslo, Tel: +47-66 84 18 10 Fax: +47-66 84 19 09 
Spain Madrid, Tel: +34-1-339 2035 Fax: +34-1-339 3145 

Safety Approvals United States Richardson, TX, Tel: +1-214-997-6561 Fax: +1-214-680-1059 
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Flathead low-profile transform- 
ers operate in the 2- to 48-VA 
range. The transformers feature 
1500V rms HIPOT, Class B insu- 
lation (130°C), dual primaries 
(115/230V at 50/60 Hz), and 
series or parallel secondaries. 
They use semitoroidal construc- 
tion to minimize radiated mag- 
netic fields. Split-bobbin con- 
struction eliminates the need 
for an electrostatic shield. The 
transformers are recognized to 
UL 506, and they are CSA certi- 
fied to C22.2. Prices range from 
$5.08 to $9.68 (100). Signal 
Transformer Co Inc, Inwood, 
NY. (516) 239-5777. 

Circle No. 432 









RESISTORS 
CAPACITORS 
INDUCTORS 


SEALED CERMET TRIM- 
MING POTENTIOMETERS. 


The TR Series trimming 
potentiometers are sealed to 





withstand automated solder- POWER TOROIDAL 
ing and cleaning processes. es a FOR 
The cermet resistive elements DC/DC 


CONVERTERS. 


The LPT-4545 pro- 
vides high efficiency 
and low EMI radia- 
tion for dc/dc con- 
verter applications. 
The inductor has two 
separate windings, 
letting you connect 
them in series for 
higher inductance or 
in parallel for low dc 
resistance. The stan- 
dard series includes 
14 values ranging 


provide setting accuracy and 





stability over a wide temper- 
ature range. Single-turn sur- 
face-mount models include 


the TRO3 (3 mm square) and 
TRO4 (4 mm square). In 
addition, 15 through-hole 
models are available with 
versions having single-turn, 
double-turn, and 12-turn 
operation. Resistance values 
range from 10 to 2 MQ. 
Prices start at $0.39 (1000). 


from 10 to 1200 pH. 
Current ratings range 
to 4A. The case mea- 
sures 0.45 in. in 
diameter and 0.25 in. 
high. Typical price for 
a 10-H device with 
a 4A current rating is 
$2.20 (5000). Dale 


C&K Components Inc, 
Watertown, MA. (617) 926- 
6400. Circle No. 433 


Electronics Inc, 
Yankton, SD. (605) 
665-9301. 

Circle No. 434 


SNUBBER CAPACITORS FOR IGBT MODULES. 


The PMB Series capacitors feature mounting lugs that attach 
directly to the terminals of IGBT modules. In addition to ease of 
mounting, the new design also provides higher reliability in 
vibration- or shock-prone applications. The capacitors are con- 
structed in a rectangular-box package and are available in 
ranges from 0.1 to 2.5 wF and voltage ratings from 850 to 
2000W Vdc. $3.50 (1000). illinois Capacitor Inc, Lincoln- 
wood, IL. (708) 675-1760. Circle No. 435 


(continued on pg 124) 
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KM Series toroids use molyper- 
malloy powder cores, giving 
them a flat frequency response 
between 0 and 1 MHz. The 
toroids are designed for use as in- 
line noise filters in applications 
where the inductor must support 
110 or 220V ac without core sat- 
uration. Inductances range from 
10 to 250 wH, and dc resistance 
is between 0.04 and 0.702. A 2A 
version can store 8 J, and a 
0.25A version can store 20 J. 
The inductors have a 0.40 x0.38- 
in. footprint and cost $1.60 
(1000). Associated Compo- 
nents Technology, Garden 
Grove, CA. (714) 636-2645. 
Circle No. 436 








MAGNETIC MODULES 
FOR ATM 155-Meps 
TRANSMISSION. 


PE-6850X Series magnetic 
modules are designed for 
155-Mbps transmission 
rates over data-grade 
unshielded-twisted-pair 
(UTP) copper wire. The 
new series also conforms 
to the proposed Fast Eth- 
ernet 100Base-TX stan- 
dard and has been tested 
for interoperability with 
100Base-TX hardware. 
The modules are designed 
to minimize the inherent 
problems of electromag- 
netic interference (EMI) 
and noise susceptibility 
encountered in 100/155- 
Mbit transmission over 
UTP cable. The modules 
provide 1500V rms isola- 
tion, wide bandwidth, and 
rise times of 2.5 nsec. Sin- 
gle-channel modules cost 
$3.28 (1000); dual-chan- 
nel modules cost $4.32 
(1000). Pulse Engineer- 
ing Inc, San Diego, CA. 
(619) 674-8100. 

Circle No. 437 





2-GHZ MINIATURE 
TRIMMER CAPACITORS. 


The Series 9401 Thin-Trim 
capacitors have a capaci- 
tance range of 0.25 to 0.7 
pF through 1.5 to 4.0 pF 
and a Q>100 at 2 GHz. 
The trimmer capacitors 
have an operating tem- 
perature range of -55 to 
+125°C and are rated for 
250V dc. Capacitor 
dimensions are 0.140 in. 
long X0.125 in. 
wide x 0.040 in. high. 
They cost $1.02 (25,000). 
Johanson Manufactur- 
ing Corp, Boonton, NJ. 
(201) 334-2676. 

Circle No. 438 


» |. TWO PRECISION RESISTORS IN 
|| THREE-TERMINAL NETWORK. 


| The SLD series resistor networks have a 0.25W power rating 
and values ranging from 50Q to 30 k{.. Absolute-resistance 

tolerances range from 0.05 to 1%; matching tolerances range 
from 0.02 to 1%. The resistors’ temperature coefficient of 
resistance equals 0.4 ppm/°C with either +2.5- or +5-ppm 
tolerance. Temperature-coefficient tracking depends on the 
resistance ratio and ranges from +0.5 ppm/°C to +3 ppm/°C. 
~A1-kQ/10-kQ resistor combination with 0.4-ppm/°C +5-ppm 
_ tolerance costs $4.15 (1000). Isotek Corp, Swansea, MA. 
(508) 673-2900. Circle No. 439 
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The latest one-stop guide from this highly- 
respected author 


LI Simplified Design of 


Switching Power Supplies 
John D. Lenk 


An essential volume for students and 
experimenters as well as for design pro- 
fessionals, Simplified Design of Switching Power Supple 
concentrates on the use of IC regulators, offering an all- 
inclusive, one-stop guide to switching power supply 
design. All popular forms of switching supplies are 
described in detail. 


©1995 221 pp Hardcover 0-7506-9507-2 $39.95 





Covers all popular forms of linear supplies 
in detatl, including zener, three-terminal, 
feedback, current foldback, op-amp, series, 
shunt, and IC package 


LI Simplified Design of 


Linear Power Supplies 
John D. Lenk 


Simplified Design of Linear Power Supplies is an all-inclu- 
sive, one-stop guide to linear power supply design that 
enables even those with no previous design experience to 
use the techniques described. Includes design examples 
that can be put to immediate use as is, or modified to 
meet specific design goals. 


©1994 218 pp Hardcover 0-7506-9506-4 $34.95 


oHN D. LENK 

















PERATIONAL 


Emphasizes today’s modular approach to 
Aver 


analog circuit design using low-cost inte- 
grated circuits 


_] Operational Amplifier 


Circuits 


Analysis and Design 
John C.C. Nelson 


This book, a revised and updated version of the author’s 
Basic Operational Amplifiers (Butterworths 1986), enables 
the non-specialist to make effective use of readily avail- 
able integrated circuit operational amplifiers for a range 
of applications, including instrumentation, signal genera- 
tion and processing (it is assumed the reader has a back- 
ground in the basic techniques of circuit analysis). 


©1995 175 pp Paperback 0-7506-9468-8 $22.95 





The second compilation of articles from 
EDN Magazine! 


| EDN Designer’s 


Companion 
Edited by Bill Travis and 
Jan Hickman 


This fully up-to-date collection of articles covers a broad 
variety of subjects, including analog and digital circuits, 
test and measurement, software and algorithms. Fully 
annotated, indexed, and cross-referenced! 

©1994 254pp Hardcover 0-7506-1721-7 $29.95 


DESIGNER'S COMPANION 


Enables technicians or engineers to complete a, 
complex schematic for a state-of-the-art 
power supply in less than one day 


“) Power Supply Cookbook 
Marty Brown 


Written to serve as a practical reference on | 
power supplies during the design process, 
the Power Supply Cookbook provides easy-to- 
follow, step-by-step design procedures for every phase of 
power supply design. It offers common industry 
approaches along with relevant explanations that facilitate 
implementation. Many easily modified design examples 
are provided as design templates to help the reader. 

©1994 248 pp Hardcover 0-7506-9442-4 $39.95 


For Faster Service, call Toll Free 1-800-366-2665 
or 617-928-2500 (outside U.S. and Canada) 


M-—F, 8:00-6:00 EST 





FREE trial offer, with 3 easy ways to order in the U.S.! 


[J YES! Please send me the book(s) indicated for a FREE 30- -day examination. 
After 30 days, if I decide to keep the book(s), I will honor your invoice for the 
price of the book(s) plus applicable sales tax and handling. Otherwise I will 
return the book(s) and owe nothing. 
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| below, and mail this page to Butterworth-Heinemann, 225 Wildwood Ave., 
' Woburn, MA 01801 ! 
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| (800) 446-6520 (Fax anytime, 24 hours a day) 
! 
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225 Wildwood Avenue 
Woburn, MA 01801 
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Our Power Module ts Dual... 
theirs is only single output! 





New 3.3 VDC to 100 
standard in Industrial, 
COTS and Military Models 


Patent Pending 


The availability of DUAL ISOLATED OUTPUTS creates cost and space savings 
aaate\ay’acs|®) ©)|(er= 1¢(e) 4 \o peu 

Fully safeguarded for over voltage, over temperature and continuous short 
circuit protection, these FIXED Hi-Frequency units minimize technical problems. 


With output voltages from 3.3VDC to 100VDC, four distinct input ranges and the 
choice of single or dual outputs plus the capability of Parallel Operation, as 
standard features, your circuit designs can be optimized. 


Assembled in the U.S.A. with PICO quality components, these hi density units 
allow the most stringent mechanical, electrical and environmental requirements. 





FAX or call today for immediate engineering assistance, product information or FREE catalog. 
Call Toll Free 


———PJCO Electronics,Inc. 800-431-1064 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 _in New York Phone 914-699-5514 
FAX 914-699-5565 


CIRCLE NO. 215 


FREE INFO, FREE POSTAGE | 


Use our postage-paid reader-service 


cards to get more information on 
any of these products. — 


Memories for military and high- 
reliability applications offer 
SRAM, flash, and EEPROM ver- 
sions. The family of 128kx32-bit 
memories is available in 68-pin J-lead 
packages. The EDI8C32128 SRAM is 
available with access times from 20 to 
5S nsec. A low-power version provides 
data retention at 2V. The devices start 
at $652 (100). The EDI7C32128 flash 





memory comes with access times of 


120 to 200 nsec; prices start at $652 
(100). The EDI5C32128 EEPROM 
device offers 120- to 200-nsec access 
times and costs $2002 (1000). Elec- 
tronic Designs Inc, Westborough, MA. 
(S08) 366-5151. Circle No. 328 





Integrated RAMDAC and program- 
mable video-timing generator 
support 1600<1200-pixel resolu- 
tion. The ICS5343 operates at pixel 
speeds to 170 MHz and supports a stan- 
dard 16-bit pixel port that is compati- 
ble with most DRAM-based graphics 
controllers. The chip has a 256 xsix- 
color look-up-table palate RAM, a pro- 
grammable-pixel clock-timing genera- 


tor, and a programmable-memory 


clock-timing generator. The device 
comes in a 68-pin PLCC and costs 
$6.50 (10,000). Integrated Circuit Sys- 
tems Inc, San Jose, CA. (408) 297-1201. 


Circle No. 329 


PCMCIA controller chip for PCI bus 
supports two PCMCIA slots. The 
M5235 PCMCIA controller chip meets 
PCMCIA 2.1 and JEIDA 4.0 specifica- 
tions. It works with 3.3 and 5V PC 


cards. The device comes in 208-pin 


TQFPs and PQFPs and costs $10.50. 
Acer Laboratories Inc, Pacific Tech- 
nology Group, Santa Clara, CA. (408) 
764-0644. Circle No. 330 
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Flash-memory cards have up to 20- 
Mbyte capacity. The D-Series flash- 
memory cards are PCMCIA Type I cards 
operating from a 5V supply. The cards 
have a low-power standby mode that 
requires <1 mA. Memory is organized 
into 64-kbyte sectors, each with a guar- 
anteed minimum of 100,000 write\ 
erase cycles. The 4-Mbyte AmC004- 
DFLKA costs $131 (1000), the 8-Mbyte 
AmCOO8DFLKA costs $219 (1000), and 





the 20-Mbyte Am020DFLKA costs $494 
(1000). Advanced Micro Devices Inc, 
Sunnyvale, CA. (408) 749-5703. 

Circle No. 331 


256kx16-bit DRAM has 50-nsec 
row-address-strobe access time 
and 22-nsec EDO page-mode cycle 
time. The 4-Mbit V53C16258H 
extended-data-out (EDO) suits applica- 
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TCXOs... 


BUT THIS _ 
LIMITED 




















WE'VE GOT A LOT 
TO SAY ABOUT 


BANDWIDTH. 


When it comes to TCXOs, you’ve got more options now than ever 
before. Logic. Packaging. Frequency stability. Temperature range. 


We'd like to tell you everything you need to know, but there’s not enough 
room here. Design specs. Quality stats. Availability. Pricing. You’ve got 
questions. We’ve got answers. If you’re wired to the Internet, come visit 
our web site or e-mail any questions to ecliptek-sales@ecliptek.com 


If you like the human touch, our customer support team has all the 
bandwidth you'll ever need. They’re knowledgeable, responsive, flexible 
and reliable. Committed to making Ecliptek your TCXO supplier. 


Dial 1-800-ECLIPTEK for accurate answers, guaranteed quality and 
on-time delivery. Data sheets available 24-hours by fax-on-demand. 


> @ ECLIPTEK’ 
CORPORATION 


1-800-ECLIPTEK ¢ (714) 433-1200 © (714) 433-1234 Fax 
http://www.ecliptek.com/ecliptek/ 
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books that work 





the way you work 


Specific design examples of circuits! 
Radio Frequency Transistors: 


Principles and Practical Applications 
Norman E. Dye and Helge O. Granberg, 
Motorola 

Written by two experienced RF design engineers, 
this new book discusses the selection of solid state 
devices for specific applications. For the most part, 


it is devoted to specific design examples of circuits. 
Sept. 1992 288pp. cloth 0 7506 9059 3 $39.95 (£40.00) 


Achieve acceptable EMC performance at minimal cost! 


EMC for Product Designers 
Tim Williams 

Electromagnetic compatibility is becoming 
increasingly important in the design of electronic 
products. In the absence of comprehensive U.S. 
standards, the Europeans are leading the way in this 
field. This book examines the European Commission's 
standards on EMC and, most importantly, outlines how 
EMC design principles need to be incorporated from the 
beginning to avoid cost and performance penalties. 
October 1992 272 pp cloth 07506 12649 $42.95 (£24.95 paper) 


Loaded with practical information 


Rechargeable Batteries 


Applications Handbook 
Technical Staff, Gates Energy Products 
In order to obtain the best performance from re- 

chargeable batteries, it is essential that they be ap- 
plied correctly. This is acomprehensive reference on 
proper selection, specification and application guide- 
lines from one of the world's largest sealed-cell 
manufacturers. 

May 1992 290pp. cloth 07506 9227 8 $49.95 (£38.50) 


In the U.S. 
w=| 1-800-366-2665 (=~ 
M-F 8:30-4:30 E.T. 
Fax 617-438-1479 
BUTTERWORTH-HEINEMANN 
80 Montvale Ave., Stoneham, MA 02180 














The Series 





for Design Engineers 


In the U.K. and Europe, order from: 
REED BOOK SERVICES LTD. 
Special Sales Department 
P.O. Box 5 Rushden, Northants NN10 9YZ U.K. 
To order by phone: 
TEL. 0933 58521 FAX 0933 50284 


CAHNERS 12.89 
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tions such as graphics accel- 
erators, set-top boxes, disk 
drives, laser printers, and 
communications buffers. 
The memory comes in a 40- 
pin SOJ package and costs 
$22 (10,000). Mosel Vitelic, 
San Jose, CA. (408) 433- 
6000. Circle No. 332 


Dual-channel, 14-bit, cor- 
related-double-sam- 
pling, CCD analog proces- 
sor. The ET4265 provides 
14-bit resolution at through- 
put rates to 2 MHz. The 
device has 0.3-LSB-rms 
noise, an 84-dB dynamic 
range, and a +0.5 LSB differ- 
ential nonlinearity. Power 
consumption is 2.8W for the 
2.5X2.5X0.4-in. module. 
The ET4265 costs $694 
(100), and the ET426501, 
with a digitally controlled 
dark-current offset, costs 
$796 (100). Edge Technolo- 
gy Inc, Waltham, MA. (617) 
899-7900. Circle No. 333 


4-Mbit flash memory 
available with 55-nsec 
access time. The Am29- 
F040 is organized as $512kx8 
bits. The memory is divided 
into 64-kbyte sectors and is 
in-system programmable 
from a 5V supply. The device 
features the company’s 
Embedded Program and 
Embedded Erase algorithms 
to simplify flash operations 
and free the host CPU from 
dedicated control of the 
device. The company guar- 
antees the device for a mini- 
mum of 100,000 program \ 
erase cycles. Available in 32- 
pin TSOP, PLCC/LCC, .and 
DIP packages, the device 
costs $18 (1000). Advanced 
Micro Devices Inc, Sunny- 
vale, CA. (408) 749-5703. 
Circle No. 334 


64-kbit parallel EEPROM 
has access times down to 
100 nsec. The M28C64 has 
a page-write feature that lets 
you latch 64 consecutive 
bytes into memory and then 
program all 64 locations in 





one 2-msec program cycle. 
Organized as an 8kx8-bit 
device, the memory has a 
write/erase endurance of at 
least 100,000 cycles. The 
device features standard 
JEDEC byte-wide pinouts 
and has a minimum data 
retention of 10 years. Oper- 
ating from a single SV 
supply, the device draws 
30-mA current while active 
and 100 pA in standby 
mode. It is available in 
28-pin DIP, TSOP, S$O28, 
and 32-lead PLCC packages. 
It costs $3.80 (10,000). 
SGS-Thomson Microelec- 
tronics, Lincoln, MA. (617) 
259-0300. Circle No. 335 


MAX197: 
FIRST PROGRAMMABE MULTI-RANGE 12-BIT ADC 





12-bit, 100k-sample/sec 
ADC has eight input 
channels with software- 
programmable ranges. 
The MAX197’s eight input 
channels are independently 
software programmable to 
accept 0 to 5, 0 to 10, +5, and 
+10V signals. The device 
operates from a 5V supply 
and tolerates +16.5V on any 
input channel without 
affecting the conversion 
results on other channels. 
The overvoltage tolerance 
makes the device suitable for 
interfacing to +15V-powered 
sensors without additional 
circuit protection. A byte- 
wide digital output provides 
data in an 8+4-bit format. 
The converter includes a 5- 
MHz bandwidth track/hold 
amplifier. The device uses an 
internal 4.096V reference or 
an external reference. The 
device comes in a 28-pin 
DIP, SO, and SSOP packages, 
and prices start at $9.90 
(1000). Maxim Integrated 
Products, Sunnyvale, CA. 
(408) 737-7600, ext 6087. 

Circle No. 336 
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= First, Semtech introduced 
EZ1083/4/5/6 family of lo\ 


dropout linear regulators wit 











outstanding transient respor 
an economical price. 


the EZ1584/5/7 fami 
also with guaranteec 
1.3V maximum dro 











at full load current. _ 


= Now, Semtech offers the 
‘A versions of the EZ108x and 
EZ158x families— 1.2V maximum 
dropout at full load current, suitable for powering 
even the VRE version of the Pentium Processor. 






CIRCLE NO. 11 


LT is a registered trademark of Linear Technology. 
Pentium is a registered trademark of Intel Corporation. 
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: 805.498.3804 SEMTECH, CA 


© Yes, please send more information about Semtech’s “EZ” Low Dropout regulators. 
[1 Please send me a quotation on: 3 









































DATE ADDRESS 

FROM M/S 

COMPANY CITY 
TEL: 805.498.2111 

idigeaes e-mail: NPSMTCHAD@AOL.COM pete 

PHONE ZIP 

FAX 

















[INTEGRATED CIRCUITS 


Video encoder converts RGB into 
luminance, chrominance, and com- 
posite video. The AD722 video 
encoder generates National TV Systems 
Committee or phase-alternation-line 
standard video from red, green, and 
blue color-component signals. The 
device’s composite- and S-video out- 
puts have a typical differential gain of 
0.1% and a typical differential phase of 
0.1°. The device accepts a frequency 
subcarrier (FSC) or a 4FSC clock. When 
a clock is not available, the chip’s inter- 
nal oscillator and an external FSC crys- 
tal can create the FSC. The device also 
accepts the FSC clock from an external 
video source providing phase-locking, 
as required in Genlock applications. 
Operating from a single 5V supply, the 
device drives 750 reverse-terminated 
loads. The 16-pin SOIC costs $3.55 
(10,000). Analog Devices Inc, Wilm- 
ington, MA. (617) 937-1428. 

Circle No. 337 


High-speed coil drivers integrate 
logic, MOSFETs, and MOSFET dri- 
vers on single IC. The EL7240C and 
EL7241 coil driver ICs have a 20-nsec 
propagation delay and a 2A pk drive 
current. The drivers have a 30 output 
impedance and operate at 4.5 to 16V. 
They are compatible with 3 and SV 
logic inputs. The devices operate as 
coil drivers for computer-tape-drive- 
backup systems, but they are also use- 
ful for other applications requiring 
high-speed and high-current drive 
capabilities. Prices for the devices start 
at $1.90 (1000). Elantec Inc, Milpitas, 
CA. (408) 945-1323. 

Circle No. 338 


Two-port isolated amplifier has 
instrumentation amplifier inputs. 
The ISO213 is intended for applica- 
tions with low signal levels needing 
galvanic isolation. It has a +10 input- 
signal range, +40V input-overvoltage 
protection, and a 0.5 to 5000 gain 
range. The device operates from a 12 
to 15V supply and dissipates 45 mW. 
It is rated for continuous operation at 
1500 or 2500V rms pulsed, and has 
nonlinearity specifications compati- 
ble with 12-bit conversion systems. 
The device comes in a low-profile, 38- 
pin ZIP package and costs $29.65 
(100). Burr-Brown Corp, Tucson, AZ. 
(602) 746-1111. 

Circle No. 339 


Low-cost isolation amplifiers are 
rated for 500V-rms input isolation. 
The AD104 and AD102 use trans- 
former-coupled galvanic isolation and 
have 100-dB common-mode rejection. 
The AD102 is a stand-alone device with 
1.5-kHz, full-power bandwidth. It oper- 
ates from a 15V supply and dissipates 
75 mW. The AD104 for multichannel 
systems requiring input-to-input isola- 
tion has a 4-kHz bandwidth and 
requires a 25-kHz, 15V square-wave 
clock source. Both devices come in SIP- 
style packages measuring 2.08x 
0.26X0.625 in. The AD104 costs 
$20.55 (1000), and the AD102 costs 
$22 (1000). Analog Devices Inc, 
Wilmington, MA. (617) 937-1428. 
Circle No. 340 








Low-cost control ICs for driving 
power MOSFETs and insulated- 
gate bipolar transistors. A family of 
eight 600V control ICs for specific 
applications costs $1.20 for samples 
and $0.75 for production volumes. For 
motor control, the IR2101 provides a 
high- and low-side drive. The IR2102 
also provides a high- and low-side drive 
with inverted inputs. For power sup- 
plies, the IR2103 provides a high- and 
low-side drive with dead time and one 
inverted input. The IR2104 half-bridge 
driver has dead time and shutdown. 
For single-channel driver applications 
not requiring both high- and low-side 
drives, the IR2117 has a noninverted 
input, and the IR2118 has an inverted 
input. For electronic ballast, the IR2151 
provides a self-oscillating half-bridge 
driver, and the IR2152 provides a self- 
oscillating half-bridge driver with 
inverted output phase. International 
Rectifier Corp, El Segundo, CA. (310) 
322-3331. Circle No. 341 


Power-supply chip for switching 
power supplies of >1000W. The 
ML4822 first-stage power-factor-cor- 
rection chip converts ac-line voltages 
of 85 to 265V into a steady 400V regu- 
lated output with a power factor >0.99. 
The chip uses an active snubbing cir- 


Only from Analogic... Who else? 


Analogic takes precision high-performance technology to a new level! 
In addition to high speed and high resolution, the ADC4322, which is 
available today, features: 


¢ Low power ¢Low noise »¢ Low harmonic distortion 
¢ Hermetic environment «Small size « High reliability 


Call us today at 1-800-446-8936 to find out how you can take 
your application to a new level of performance... at surprisingly 
attractive OEM prices. 


Analogic Corporation, 360 Audubon Road, Wakefield, MA 01880 
1 (800) 446-8936, FAX: (617) 245-1274 
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dScope-251: Windows™ based 8051 & 251 debugger 


The best 8051 C compiler just got better... 


Y Compatible with the new Intel MCS® 251 architecture 
Vv Faster 32-bit long and floating-point math operations 
a | 8 Y VMS Windows™ based development tools 


er ee nC i sere ser Ha ..and creating 8051 & 251 software has never been easier. 
-— 2... The Keil C51 compiler, with over 15,000 installations worldwide, is 
va the industry de-facto standard for 8051 software development. C51 
is unsurpassed in code quality and flexibility and it supports all 8051 
derivatives including the Dallas Semiconductor 80c320, the Siemens 
i 80c517, and the Philips 80c751 family. 
To better support our customers in the United States and Canada, 
Keil Software, Inc. has opened a new sales and support office in 
Dallas, Texas. Previously, the Keil 8051 development tools were 
marketed under the Franklin brand name. Now, customers can get 
upgrades and technical support directly from Keil Software. 


uVision/251 Windows™ IDE 





Call today In the USA call 


for more information! 800-348-8051 


USA & Canada: Europe: 

Keil Software, Inc. Keil Elektronik GmbH 

16990 Dallas Parkway, Suite 120 Bretonischer Ring 15 

Dallas, Texas 75248 85630 Grasbrunn - Germany 
Phone: (214) 735-8052 Phone: ++49 89/46 50 57 
Fax: (214) 735-8055 Fax: ++49 89 / 46 81 62 


US Distributors: Franklin, Nohau, MetaLink, Hitex, Emulation Technology 


International Distributors: Australia: Electro Optics 02/654 1873 A: Rekirsch 01/2597 2700 

B: Bytecom 010/223 455 Czech Rep: ComAp 2/684 8862 CH: Redacom 032/410 111, Thau 01/740 4105 

DK: Nohau 043/446 010 E: CAPEL 93/217 2340 F: Convergie 1/4904 9200 I: BRM 011/437 1551, NORD 02/6610 4160 | 
IRL: Ashling 061/33 44 66 Israel: ITEC 03/491 202 NL: Tritec 01858/16133 PL: WG 022/217 704 

S: Nohau 040/922 425 Singapore: Testtech 65/7492162 SLO: ASYST 061/445526 South Africa: Eagle (021) 23 4943 
Taiwan: Demmax 35/772772 Turkey: EMPA 1/599 3050 UK: Hitex 01203/692 066, Nohau 01962/733140 
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.. The LTC 1410 is a 12-bit, 

New LTC1410 12-Bit, 1.25Msps ADC _ 1.25Msps, sampling ADC 
designed for demanding 
telecom and signal analysis 
applications. It delivers true 
12-bit performance from DC to 
Nyquist at unprecedented low 
cost and power dissipation. 


Key features are: 

e 1.25Msps throughput 

¢ 71dB S/(N+D) at Nyquist 

e 160mW typical power dissipa- 
tion, 12mW nap mode, 
100LW sleep mode 

¢ Complete, sampling ADC 

¢ True differential inputs reject 
common-mode noise 


NAP/SLP SHDN CONVST RD CS BUSY The LTC1410 contains a 
wideband sample-and-hold, 
precision voltage reference and 
high speed, parallel interface to DSP and microprocessor ports. Two digitally selectable power-down modes 
allow optimal power saving and response time for low power systems. A unique differential input can acquire 
single-ended or differential signals while rejecting wideband, common-mode noise. Packaged in 28-pin SO the 
LTC1410 is available screened to the commercial and extended industrial temperature ranges. Pricing begins at 
$23.00 in 1000-piece quantities. 





Circle No. 102: Please send literature. Circle No. 103: Call me. I’m interested. 


Tiny 3V, 12-Bit ADCs Draw 160A and Shut Down to 1nA 


The LTC1285/LTC1288 are tiny 12-bit ADCs designed to operate on 3V 
supplies. They draw only 160uA of supply current and automatically 
power down to 1nA between conversions. Packaged in 8-pin DIP and SO 
the LTC1285/LTC1288 pricing begins at $6.22 in 1000s, perfect for space 
and power sensitive applications such as pen screen interface, remote data Vper = 2.5V 
acquisition and battery monitoring. ae 


LTC1285/LTC1288 
Supply Current vs Sample Rate 


The LTC1285 features a differential input while the LTC1288 input is seiiiies, Satie eet 
2-channel multiplexed. Both devices have 3-wire serial I/O compatible 
with the SPI and Microwire™ 


TIAL 


interface standards and easily od 
accommodate isolated applica- TT 
tions. The LTC1285 is offered 





screened to the extended ayer tenueenten) 
industrial temperature range. 





ease send literature. Circle No. 105: Call me. I’m interested. 


4LY, LTC and LT are registered trademarks of Linear Technology Corporation. 
Microwire is a trademark of National Semiconductor Corporation. 








Complete 12-Bit ADC Operates on Single 5V Supply at SOOKSPS 


The LTC1278 is a 12-bit, 500ksps ADC perfect for demanding low power 


Effective Bits and 
applications such as telecom, vibration analysis and portable DSP. Signal-to-(Noise + Distortion) 

vs Input Frequency 
Outstanding performance includes: ————— 


¢ 400ksps (LTC1278-4) and 500ksps (LTC1278-5) throughput 
e 70dB S/(N+D) at Nyquist 

¢ 75mW power dissipation and 8.5mW power shutdown 

¢ Complete ADC in small footprint 

e Single 5V or +5V supply 
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|. The LTC1278 contains a sample- ee 
LTC1278 Nonaveraged | 


4096 Point FFT Plot __and-hold, synchronized conversion NTE 

feaupie 2 BOOMZ £5 clock, precision voltage reference : IsampLe = SO0KHZ 

fin = 97.045kHz and high speed, parallel interface 100k 
to DSP and microprocessor ports. ee 
The ADC features a 8.5mW power- 
down mode with instant wake-up for maximizing power savings. Input 
range is OV to 5V ona single 5V supply and +2.5V with t5V supplies. For 
applications requiring additional throughput the LTC1279 provides a pin 
compatible 600ksps ADC. Pricing begins at $12.00 in 1000-piece quantities. 


EFFECTIVE NUMBER OF BITS 
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Circle No. 106: Please send literature. Circle No. 107: Call me. I’m interested. 


Serial 4-Quadrant Multiplying 12-Bit DAC Available in $O-8 


The LTC8043 is a serial input 12-bit multiplying DAC that is a 
superior pin compatible replacement for the DAC-8043. 
Improvements include better accuracy, better stability over 
temperature and supply variations, lower sensitivity to output 
amplifier offset, tighter timing specifications and lower output 
capacitance. 


$0-8 Multiplying DAC Has Easy 3-Wire Serial Interface 


= 
ee a 








Outstanding specifications include : 

e Maximum DNL and INL over temperature + 0.5LSB 
e + 1LSB maximum gain error 

e 5 ppm/°C maximum gain temperature coefficient 

e Total Harmonic Distortion (THD): 108dB typical 


























The LTC8043 is extremely versatile. It can be used in a variety of 2- and 
4-quadrant applications such as: programmable gain amps, digitally 
controlled filters and power supplies, process control and industrial 
automation. Packaged in 8-pin DIP or SO, the LTC8043 is available 























512 1024 1536 2048 2560 3072 3584 4095 . : O O 
DIGITAL INPUT CODE screened to the extended industrial temperature range of —40°C to 85°C. 


Pricing begins at $4.80 in 1000s. 





Circle No. 108: Please send literature. Circle No. 109: Call me. I’m interested. 


Complete Voltage Output 12-Bit DACs Have Rail-to-Rail Swing in SO-8 


The LTC1451/LTC1452/LTC1453 are micropower rail-to-rail 

voltage output 12-bit DACs in 8-pin DIP and SO. The devices 
have an easy-to-use, 3-wire serial interface that is cascadable, 
allowing multiple DACs on a single data I/O line. 


Daisy-Chained Control Outputs 


0.1F 


CONTROL Key features are: 

lee ¢ Single 3V or 5V supply 

e Built-in reference: 2.048V (LTC1451), 1.220V (LTC1453) 
¢ Multiplying version: LTC1452 

e Power-on reset 
e Maximum Differential Nonlinearity 


CONTROL DNL < +0.5LSB | vs Input Code 
OUTPUT 2 


0.1uF 





The devices dissipate 
only 2mW on 5V supply 
TO NEXT DAC and 750uW from 3V, 

~ ani —_—__- making them ideal for 
low power designs including: cellular telephony, POS systems, industrial 
process controls, wireless communications and general trim-pot applica- 
tions. The output range includes both rails with improved capacitive load 
handling capability over competing solutions. Available screened to the 
commercial and industrial temperature ranges. Pricing begins at $4.20 in eg B12 1024 1636 2048 2560 3072 3584 4096 
1000-piece quantities. —— 
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Circle No. 110: Please send literature. Circle No. 111: Call me. I’m interested. 


Unique, Data Acquisition Device Provides 
a Variety of Environmental Monitoring Func::ons 


The LTC1392 is a micropower, 10-bit data acquisition system designed to 


LTC1392 
measure ambient temperature, on-chip supply voltage and differential (..\vut Temperature Error 
common-mode rail-to-rail input signals. The device accomplishes these rea 
functions in a single SO-8 package and dissipates less then 2.5mW. NY hl 
The LTC1392 features: ya stse2 a= 
¢ 10-bit sampling ADC e¢ On-chip temperature sensor 


e High accuracy bandgap reference ¢ A 3-channel multiplexer 
e 3-wire half-duplex serial interface ¢ Rail-to-rail common-mode input 





TEMPERATURE ERROR (°C) 


The LTC1392 is suited for a wide variety of environmental monitoring 
applications including: power distribution systems, temperature measure- 


- é gs ‘ 5 
ment, airflow, relative humidity, pressure and weight measurement. -40 -20 0 20 40 60 80 100 
TEMPERATURE (°C) 
















11392 Block Diagram 
The LTC1392 is available screened 
to the commercial and industrial 
temperature ranges. Pricing 
begins at $3.94 in 1000-piece 
quantities. 


Vref = 2.42V 
a 
Din —— >| ~—s SHIFT BANDGAP 
REGISTER 










10-BIT 
CAPACITIVE DAC 


TEMPERATURE 
SENSOR 





CONTROL 
AND TIMING 


Circle No. 112: Please send literature. Circle No. 113: Call me. I’m interested. 














Sampling A/D Converters 


Resolution FsampLe # of Data* Vcc Ppiss** 
Part (Bits) (kspsMax) Inputs Vrer l/O (V) (mW) Features Package* 


LTC1096 


8 Ext Serial 2.7-9 0.6/0 Micropower SO-8 ADC N8/S8 
LTC1098 8 

8 

8 


1 

2 Ext Serial 2.7-6 0.6/0 2-Channel LTC1096 N8/S8 
1 Ext Serial 2.7-6 55 1Msps SO-8 ADC N8/S8 
2 Ext Serial 2.7-6 55/0 2-Channel LTC1196 N8/S8 


LTC1196 
LTC1198 


LTC1090 Ext Serial 4-9 Low Power Multiplexed ADC N20/S20 
LTC1091 Ext Serial 4-9 8-Pin 2-Channel ADC 

LTC1092 Ext Serial 4-9 8-Pin 10-Bit ADC 

LICI093 Ext Serial 4-9 Low Power Multiplexed ADC N16/S16 
LTC1094 Ext Serial 4-9 Low Power Multiplexed ADC N20 
LTC1095 +5.0 Serial 4-9 Complete 6-Channel ADC N18 
LTC1283 Ext Serial 0.45 3V LTC1090 N20 
ee 
LICT235 Ext Serial 0.48/0 3V LTC1286 N8/S8 
LTC1286 Ext Serial 4-9 1.25/0 Micropower SO-8 12-Bit ADC N8/S8 
LTC1288 Ext Serial 2.7-6 0.63/0 3V LTC1298 N8/S8 
LTCI293 Ext Serial 4-6 1.25/0 2-Channel LTC1286 N8/S8 
LYICI290 Ext Serial 4-6 30/0.05 8-Channel ADC N20/5S20 
LICi291 Ext Serial 4-6 30/0.05 8-Pin 2-Channel ADC 

LTC1292 Ext Serial 4-6 30 8-Pin 12-Bit ADC 

LTC1293 Ext Serial 4-6 30/0.05 6-Channel ADC 

LTC1294 Ext Serial 4-6 30/0.05 8-Channel ADC N20/S20 
LTC1296 Ext Serial 4-6 30/0.05 LTC1294 w/Shutdown Output N20/520 
LIC1297 Ext Serial 4-6 30/0.05 LTC1292 w/Auto-Shutdown 

LTC1287 Ext Serial 2.7-6 3 3V LICI292 

LTC1289 Ext Serial 2.7-6 3/0.03 3V LTC1290 N20/5S20 
NN SS 
LTC1272-8 2.42 wuPS8orl12 +5 75 Sampling AD7572-12 N24/S24 
LICT272-5 2.42 uP8orl12 +5 Vf) Sampling AD7572 A-3 N24/S24 
EYCU75 2.42 wuP8or12 +5 75 5V High Speed ADC w/Ref N24/S24 
LTC1274 2.42 12 5/+5  15/0.005 Low Power Sampling ADC w/Shutdown S24 
LICI275 2.42 wuP8orl12 = a 75 High Speed ADC w/Ref N24/S24 
LTC1276 2.42 wuP8orl2 25 75 High Speed ADC w/Ref N24/S24 
LTC1277 2.42 uP 8 5/+5  15/0.005 Low Power Sampling ADC w/Shutdown S24 
LTC1278-4 2.42 uP 12 3/+3 75/5 Sampling ADC w/Shutdown N24/S24 
LTC1278-5 2.42 uP 12 SFiS 75/5 Sampling ADC w/Shutdown N24/S24 
LICI2Z79 2.42 uP 12 3/+3 75/5 Sampling ADC w/Shutdown N24/S24 
LTC1282 1.20 wuP8oril12 3/3 12 3V Sampling ADC N24/S24 
LTC1410 1250 2.50 (vs +5 160/0.01 Sampling ADC w/Shutdown S28 


COR rPOdODRNONNr 


NNee Ne ee ee ee el ee 


* Serial I/O is Microwire, SPI and QSPI compatible 
** Power dissipation is listed in the Active and Shutdown modes 
t N8=8-pinDIP N16 = 16-pin DIP N18 = 18-pin DIP N20 = 20-pin DIP N24 = 24-pin DIP N28 = 28-pin DIP 
S8 = 8-pinSOIC S16 = 16-pin SOIC $20 = 20-pin SOIC $24 = 24-pin SOIC $28 = 28-pin SOIC 


D/A Converters 


Resolution Output Data Vcc Ppiss 
Part (Bits) Type VREF V/O (V) (mW) Features Package 


LYC1257 12 Int Serial 4.5-15 ; Single Supply Vour DAC N8/S8 
LTC1451 12 Int Serial 4.5-6.0 ; 5V Rail-to-Rail Vour DAC N8/S8 
LTC1452 12 Ext (MDAC) Serial 3.0-6.0 Single Supply Vour MDAC N8/S8 
LTC1453 12 Int Serial 3.0-4.5 3V Rail-to-Rail Voyr DAC N8/S8 
LTC7541A 2 Ext(MDAC) Parallel 5-16 Industry Standard MDAC N18/S18 
LTC7543 12 Ext (MDAC) Serial 4.75-5.25 Industry Standard Serial MDAC N16/S16 
LTC8043 12 Ext (MDAC) Serial 4.75-5.25 8-Pin SOIC MDAC N8/S8 
LTC8143 12 Ext (MDAC) Serial 4.75-5.25 : Industry Standard MDAC N16/S16 


LI We 
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1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 

Phone: (408) 432-1900 ~ 
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t to redirect power normally lost in 
tching back to the output, provid- 
; efficiencies of 90 to 97%. The 
vice comes in a 16-pin DIP or SOIC 
‘kage and costs $4.05. Micro Linear 
rp, San Jose, CA. (408) 433-5200. 
Circle No. 342 


ips for PCli-based multimedia 
plications. The IIT 3304 Multime- 
Encode Processor (MEP) single-chip 
iltimedia authoring and playback 
cessor lets you author and edit mul- 
iedia publications in real time. The 
p performs Moving Pictures Experts 
oup 1 video encoding and decoding 
is full-motion video capture. It 
nes in a 240-pin PQFP and costs $45 
,000). The IIT 3501 Video PCI Inter- 
e Chip connects all members of the 
mpany’s Multimedia Processor 
shitecture family, including the MEP, 
ectly to the PCI bus. The device 
nes in a 160-pin PQFP and costs $18 
),000). Integrated Information 
~hnology Inc, Santa Clara, CA. (408) 
/-1885. Circle No. 343 





wer-supply chip uses two-stage 
nversion for power-factor cor- 
ction and conversion efficiency. 
e ML4841 accepts an ac input volt- 
> from 85 to 265V ac and converts it 
standard dc voltages, such as +3.3 or 
V. The chip provides power-factor 
‘rection >0.99 and efficiencies >90%. 
e chip uses a two-stage conversion 
cess. The first stage is optimized for 
1igh power-factor rating on the ac 
e, and the second stage is optimized 
' high output efficiency. The chip 
Ows power supplies to meet the 
S555 standard, which requires 
wer-factor correction for products 
er SOW sold in Europe in 1996. Avail- 
e in a 14-pin DIP or 16-pin SOIC 
ckage, the device costs $3.08 (1000). 
cro Linear Corp, San Jose, CA. (408) 
3-5200. Circle No. 344 


deo line buffer operates at 
eeds to 50 MHz. The LF9501 has a 
‘fer length programmable from 2 to 
31 words to match line lengths of 
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various video formats including 
National TV Systems Committee, 
phase-alternation-line, Systeme Elec- 
tronique Couleur Avec Memoire, and 
other proprietary formats. The device 
accommodates a 10-bit word length. It 
comes in a 44-pin plastic J-lead chip 
carrier, and prices start at $13.23 (500). 
Logic Devices Inc, Sunnyvale, CA. 
(408) 737-3300. Circle No. 345 


MPEG 1 audio and video decoder 
chip. The CL480PC decodes Moving 
Pictures Experts Group (MPEG) 1 audio 
and video for portable and desktop 
computers. The chip features a host or 
CD interface for input of MPEG-1-sys- 
tem bit streams, the ability to load the 
microcode initializing the CL480PC via 
the host interface, 16-bit dithered 
video output; programmable output 
video timing and interpolation con- 
trol, and advanced error concealment. 
The 128-pin PQFP dissipates <1W from 
a 3.3V supply while operating and 
<0.1W in stand-by mode. It costs $31 
(OEM). C-Cube Microsystems Inc, 
Milpitas, CA. (408) 944-6300. 

Circle No. 346 


FIFO for printer applications. The 
GT-24002 PrintFIFO is a 32-bit-wide, 
1104-location-deep, synchronous FIFO 
buffer. The device can output data 1 bit 
or 1 byte at a time. Input and output 
ports can operate at 33 MHz, providing 
an input bandwidth of 133 Mbytes/sec. 
The true dual-port device can simulta- 
neously receive input data while out- 
putting data. Additional features 
include margin counters and registers 
to support printer operations. The 
device comes in a:128-lead PQFP and 
costs $49.95 (5000). Galileo Technolo- 
gy Inc, San Jose, CA. (408) 451-1400. 
Circle No. 347 


LPGA has >100,000 gates and one- 
day delivery. The QYH600 family of 
laser-programmable gate arrays 
(LPGAs) offers densities of 17,000 to 
120,000 available logic gates and sup- 
ports system clock rates >120 MHz. The 
initial members of the family include 
70,000- and 100,000-gate devices that 
will be available in the third quarter of 
1995. Two tested 100,000-gate LPGAs 
with a five-day turnaround cost 
$70,000. Chip Express Corp, Santa 
Clara, CA. (408) 988-2445. 

Circle No. 348 
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See EEM 
or send direct 
for Free PICO Catalog. 
Call toll free 800-431-1064 

in NY call 914-699-5514 

FAX 914-699-5565 


Lal / CO Electronics, Inc. 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
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Design environment 
automates high-speed 
system-design method- 
ology. The BoardQuest 
environment combines 
tools from the timing, sig- 
nal-integrity, EMI, thermal, 
reliability, and manufactur- 
ing domains. The environ- 
ment integrates with the 
company’s Concept and 
Composer’ design-entry 
tools; the SigNoise, EMCon- 
trol, Thermax, and Viable 
DesignFor analysis tools; 
and the Allegro correct-by- 
design layout system. Prices 
for BoardQuest start at 
$19,000. Prices for Design- 
For analysis tools range from 
$18,000 to $35,000. Ca- 
dence Design Systems Inc, 
San Jose, CA. (408) 943- 





Multilevel simulation 
tool for submicron de- 
signs. QuickVHDL Co-Lsim 
combines the QuickKVHDL 
simulator with Lsim for tran- 
sistor-level analysis of tim- 
ing and power effects in 
deep-submicron designs. 
The co-simulation interface 
is based on the Precedence 
SimMatrix simulation back- 
plane. A node-locked license 
costs $16,000, and a floating 
license costs $20,000. The 
tool requires Lsim and 
QuickVHDL. Mentor 
Graphics, Wilsonville, OR. 
(503) 685-8000. 

Circle No. 410 


Graphical state-machine- 
design tool adds Verilog 
to supported languages. 
The StateCAD Verilog Edi- 
tion translates bubble dia- 
grams into synthesizable, 
Open Verilog International- 


from FrontLine, Simucad, 
and Exemplar. The tool also 
helps you analyze your state 
designs for problems. Other 
versions of StateCAD gener- 
ate code in Abel, VHDL, and 
C from the same diagram. 
The Verilog edition costs 
$1495. Visual Software 
Solutions, Coral Springs, FL. 
(305) 346-8890. 

Circle No. 411 





Tool links graphical tim- 
ing and HDL specification 
to create Verilog test- 
benches. TesTech links the 
company’s TDS, a graphical 
timing-specification tool, 





ical hardware-descripti 
language- (HDL)-specif 
tion tool, to create Ver 
test benches. The t 
checks conformance of 
cuit timing to design spe 
cations throughout a desi 
It also simplifies stimu 
capture by using a stand 
data-book format to desc 
timing requirements. * 
tool is available as an opt 
to TDS and Visual HDL « 
costs $20,000. Sumi 
Design Inc, Beaverton, ‘ 
(503) 643-9281. 

Circle No. 


Tool combines static-t 
ing analysis and Veri 
spread-delay simulati 
The Epilog-MX multim: 
timing-verification t 
checks the timing of all p. 
of a design’s logic in ¢ 
operation. Static-tim. 
analysis quickly finds tim 


1234. Circle No. 409 | compliant Verilog for tools | with its Visual HDL, a graph- | hazards for synchron« 


Wavetek's New 


Performance and Portability... 
Unparalleled Calibration Quality 


f your calibration needs are multiplying, Wavetek’s 


new Model 9100 is just what you need. 


The Model 9100 Universal Calibration System can 

fully exercise the performance limits of the most diverse 
calibration workload—from analog and digital multimeters 
to panel meters, clamp meters, electronic thermometers, 
chart recorders and data loggers. You can even configure 
the Model 9100 to calibrate analog and digital oscilloscopes, 


combination scope/multimeters and counters! 


The Model 9100 is light enough to carry on-site to your 





instruments. With plug-in PCMCIA procedure cards, 
the Model 9100 is ready to guide even untrained operators 
In the USA: 


Wavetek Corporation 


9045 Balboa Ave Hurricane Way 

San Diego, CA 92123 Norwich Norfolk NR6 6JB, UK 
Tel 1-800-223-9885 Tel +44 1603 404824 

Fax (619) 450-0325 Fax +44 1603 483670 


through the entire calibration process, from connecting the In Europe: 


Wavetek Ltd 


leads to printing out an IS09000 compliant calibration certificate. 


I$09002 


(oy 


So however diverse your calibration 
workload, and wherever you need to go 


on-site, the Model 9100 has the power 
Wavetek Ltd 


Richer geste WAVETEK and the Wavetek logo are registered 


trademarks of Wavetek Corp. 
© 1995 Wavetek Corporation 





and performance to make the task easy. 
CIRCLE NO. 31 


























































THE 8000 SERIES INDUSTRIAL WORKSTATIONS incorporate 
industry standard, best-of-class subsystems that maximize computing, and 
input/output performance and throughput. For optimal computing perfor- 
mance, the 8000 Series provides workstation-class processing and display tech- 


INTRODUCING VMIC’S 


nology, while offering the ease-of-use and compatibility of personal computers. 





VMIC COMPUTER SYSTEMS FEATURES: 
Dual 90 or 100 MHz Pentium Central Processing Units (CPUs) with 16K Cache, 


32-bit Architecture, and Built-In Math Coprocessor 
512 Kbyte Synchronous Burst Write-Back Secondary Cache 
At Least 32 Mbyte DRAM Expandable to 256 Mbyte Using 
Single In-Line Memory Modules (SIMMs) 
A 1 Gbyte or 2 Gbyte SCSI-2 System Disk 
with Expansion Capability for a Second 
3.5-in. Hard Drive 
Peripheral Component Interconnect (PCI) 
Graphics with 2 Mbyte Video RAM (VRAM) 
Using High-Speed 64-bit Graphics Accelerator 
and Supporting High-Resolution Graphics and 
Color Standards 
Two Available Expansion Slots. The Second 
Expansion Slot has a PCI Connector, and the 
Lower Expansion Slot has both a PCI and an 
EISA/ISA Connector 
Fast SCSI-2 Quad-Speed CD-ROM Drive 
External Fast SCSI-2 Expansion Bus Supporting Up to Five 
External Devices. Four External Devices are Supported when 
the Optional Second Internal Hard Disk Drive is Installed in 
the System 
Two Asynchronous Serial Ports with Full Modem Controls 
Hardware Supporting a Multimode Bi-directional Parallel Port which provides 
Standard Mode, Enhanced Parallel Port (EPP) Mode, and Extended Capability 
Port (ECP) Mode 
On-Board Ethernet Supporting Either a 10Base-T or 


Attachment Unit Interface (AUI) Connector 





Operating System Software (Windows 
NT) Installed on the System Disk 
Rack Mount, Tower, Embedded 
VMEbus, and Desktop Solutions 

PCI to VME adapter available 


PCI expansion available 


CALL VMIC TOLL-FREE TODAY For High Performance 
Industrial Workstation Solutions look to the world leader - VMIC. Tap into 
the power and performance of VMIC’s new Dual Pentium Industrial 


Workstations. 


VMI 


12090 S. Memorial Parkway ® Huntsville, AL 35803-3308 
(205) 880-0444 * FAX (205) 882-0859 
World Wide Web Home Page: http://www.industry.net/vmic 


CIRCLE NO. 123 






VME MICROSYSTEMS 
® INTERNATIONAL CORPORATION 





VMIC products are internationally represented by distributors throughout the world. Call or fax VMIC for complete information. 









logic. The Verilog gate spread-delay 
simulation finds timing problems for 
nonsynchronous parts of a design. 
Although not as fast as static-timing 
analysis, the spread-delay simulation is 
necessary for some parts of most 
designs. Using the simulation for only 
those portions of a design in which sta- 
tic-timing analysis is inadequate saves 
time over a full timing simulation of 
the complete design. A single node- 





ELECTRONIC DESIGN AUTOMATION 


locked license costs $35,000. 
Nextwave Design Automation, San 
Jose, CA. (408) 437-3939. 

Circle No. 413 


PC-based semiconductor-device- 
simulation software. The Device 
Wizard simulates semiconductor 
devices on PCs. According to the com- 
pany, the software’s simulation speed 


books that work the way you work 
Analog Circuit Design: 


Art, Science, Personalities 
Jim Williams, Linear Technology Corp., Editor 
"Tf you do any analog circuit design, buy this book!...The well- 
indexed volume ... provides a picture of analog design, in all its 
diversity, as a way of thinking and a way of approaching problems." 


Dan Strassberg, EDN 
1991 352pp. clth 07506 91662 $44.95 (£30.00) 


Based on the EDN Series, with 20% NEW material 
Troubleshooting Analog Circuits 


Robert Pease, National Semiconductor 
"Here's a chance to take advantage of [Pease's] years of experience 
designing analog circuits--and working the bugs out of them. This 
book is for you whether you're designing analog circuits at the board, 


box, system, or IC level." 


Electronic Design 


1991 208pp. cloth 07506 9184 0 $32.95 (£19.95) 


Loaded with practical information 
Rechargeable Batteries 
Applications Handbook 

Technical Staff, Gates Energy Products 
This is a comprehensive reference on proper selection, specification 


and application guidelines from one of the world's largest sealed-cell 
manufacturers. May 1992 432pp. cloth 0 7506 9227 8 $49.95 (£38.50) 


The EDN Series for Design Engineers 


In the U.S. 
for more information 
or to place an order call 
1-800-366-2665 
M-F 8:30-4:30 E.T. 
Fax 617-279-4851 








142 = EDN July 6, 1995 


BUTTERWORTH-HEINEMANN 
80 Montvale Ave., Stoneham, MA 02180 


In Europe, order from: 
Reed Book Services Ltd. 
Special Sales Department — 
P.O. Box 5, Rushden 
Northants NN10 9YZ U.K. 
TEL. 0933 58521 FAX 0933 50284 
Please quote "Cahners 13.89" 





CAHNERS 13.89 








and accuracy meets or exceeds that of 
Unix-based semiconductor-device sim- 
ulators. The tool can simulate arbitrary 
2-D semiconductor devices and in- 
cludes predefined templates for >20 
common semiconductor-device types. 
The base price is $12,000. Dawn Tech- 
nologies Inc, Sunnyvale, CA. (408) 
737-6181. Circle No. 414 





Power-calculation tool for ICs can 
handle bus-contention and state- 
dependent currents. PowerSim 2.0 
performs power calculations on ICs 
described in Verilog HDL. It takes into 
account capacitive charging/discharg- 
ing, slew effects, bus contention, state- 
dependent currents, leakage, and other 
power factors. According to the com- 
pany, the tool operates at the cell level 
and runs at virtually the same speed as 
a gate-level simulation. The tool works 
with Verilog simulators and runs on 
SPARC, HP700, and DEC Alpha com- 
puters. It costs $18,500. System Sci- 
ence Inc, Palo Alto, CA. (415) 812- 
1800. Circle No. 415 


PC-board-layout tool offers inter- 
face to Specctra autorouter. The 
WinBoard pc-board-layout tool now 
has an interface to the Specctra 
autorouter from Cooper & Chyan 
Technology. The interface lets you par- 
tially route a board before launching 
the autorouter and edit the board after 
autorouting. WinBoard PCB layout 
costs $995, and the interface costs 
$295. Ivex Design International, 
Beaverton, OR. (503) 531-3555. 

Circle No. 416 


New versions of analog and logic 
simulators. T-Spice version 3.0 im- 
proves computational efficiency, 
robustness, reliability, and accuracy 
Over previous versions. A source-step- 
ping feature adjusts power-supply val- 
ues until it converges on the dc operat- 





ing conditions. The tool also offers a 
lossy transmission-line model for mod- 
eling high-frequency effects, mis- 
match, and coupling between ele- 
ments. Prices for the software for PCs 
and workstations start at $1245. Gate 
Sim version 2, a PC-based gate-level 
digital simulator, handles 250,000 
gates and costs $1295. Tanner 
Research Inc, Pasadena, CA. (818) 792- 
3000. Circle No. 417 


Spice library for power-supply 
designers. The Spice model library for 
power-supply designers contains >20 
PWM IC models for parts froin Cherry 
Semiconductor, Linear Technology, Sil- 
iconix, and Unitrode. Some models 
offer multiple levels of complexity. The 
models use Spice 3, Boolean-logic, and 
HDL elements. The model library 
works with the company’s IsSpice3 or 
IsSpice4 simulators. It costs $395. Intu- 
soft, San Pedro, CA. (310) 833-0710. 
Circle No. 418 





BIST tool for ICs. ICBIST couples 
front-end generation of synthesizable 
register-transfer-level code for logic 
built-in self-test (BIST), RAM BIST, and 
Joint Test Action Group/1149.x with 
back-end tools for BIST analysis and 
testability insertion. The tool suits 
complex ASICs and custom ICs. Prices 
start at $140,000 per seat. Logic Vision 
Software Inc, San Jose, CA. (408) 453- 
0146. Circle No. 419 


Windows-based EDA-design envi- 
ronment offers improvements. 
Workview Plus 5.2 offers a variety of 
improvements over earlier versions. 
The ViewDraw tool now supports bus 
rippers and net aliasing. ViewTrace 
includes faster database reads and 
refresh rates. The optimization engine 
for ViewFPGA includes direct mapping 
to field-programmable gate-array 
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(FPGA) logic modules, mapping to 
complex I/Os, and links to macro gen- 
erators. The new release costs $5000 to 
$45,000. Viewlogic Systems Inc, Marl- 
borough, MA. (508) 480-0881. 

Circle No. 420 


Verilog simulator now runs under 
Windows and OS/2. VeriWell 2.0 now 
is available for Windows, Windows NT, 


Communications - sie Reliability 





Windows 95, and OS/2. According to 
the company, the simulator complies 
with Open Verilog International stan- 
dards and offers Verilog XL compatibil- 
ity and performance. The base module 
costs $1495, the gates and timing-pref- 
erence module cost $895, and both 
modules together cost $2390. Well- 
spring Solutions Inc, Sutton, MA. 
(508) 865-7271. Circle No. 421 





Arnold Magnetics has standard high density power supply mod- 
ules to meet your exacting system needs. 
AC-DC Front ends, DC-DC multi outputs 


Auto Ranging inputs 
Power Factor Corrected designs 


-99°C to +100°C temperature ranges 


N+1 current sharing 


ARNOLD 


MAGNETICS 





Power Supplies Since 1956 


4000 Via Pescador e Camarillo, CA 93012 e (805) 484-4221 e FAX (805) 484-4113 
CIRCLE NO. 32 
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Real-time executive for 
component-based real- 
time executive. The MQX 
version 2.31 real-time execu- 
tive has a minimum size of 8 
kbytes for a Motorola 68000 
processor and a maximum 
size of about 23 kbytes if 
using all 15 components. 
The executive includes a 
component if an application 
references the component. 
The actual size of the Kernel 
is determined at link time. 
The new release gives you 
better control over the size 
and functionality of the 
executive. It costs $5000 on 
a per-project basis with a 
royalty-free source-code 
license. Precise Software 
Technologies Inc, Nepean, 
ON, Canada. (613) 596- 
2251, ext 27. Circle No. 397 








PC/104 computers fea- 
ture flat-panel displays. 
The DisplayPac-104 is avail- 
able with 14-, 10.4-, and 8.4- 
in., VGA, color, thin-film- 
transistor (TFT) LCDs with 
up to 256,000 colors; 11.8- 
in:;: XGA, -color TFET LCDs; 
dual-scan, passive-color 
LCDs; active-matrix, mono- 
chrome LCDs; electrolumi- 
nescent displays; and mono- 
chrome LCDs. A complete 
system with a display, a 486 
computer, a touchscreen, 
and a PC/104 expansion 
module is 2.5 in. thick. A 50- 
MHz system, including a 
touchscreen and 4 Mbytes of 
DRAM, costs $3782 (SO). 


Computer Dynamics, 
Greer, SC. (803) 877-8700. 
Circle No. 398 


Tool lets you create and 
maintain graphical data 
models of PowerBuilder 
databases. Database Engi- 


EUREKA: 


Embedded software demos, 
pricing and product news! 


hitp://www.archimedesinc.com/devtools 


ARCHIMEDE 
SOFT WAR 


Archimedes Software, Inc. 
Phone 1-800-338-1453 © email: deviools@archimedesinc.com 
FTP: ftp.archimedesinc.com 


CIRCLE NO. 33 
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neer for PowerBuilder lets 
you visually define systems 
for design specifications, 
documentation, and main- 
tenance. The tool works 
with EasyCASE Professional 
4.2 and PowerBuilder Desk- 
top and Enterprise versions 
3.0/4.0. The tool has an 
interface that imports, 
exports, and updates Power- 
Builder table structures and 
extended attributes. It costs 
$995. Evergreen CASE 
Tools Inc, Redmond, WA. 
(206) 881-5149. 

Circle No. 399 


16-bit embedded con- 
trollers. The MQX16 real- 
time executive requires 3 
kbytes or less of ROM. It is 
written in ANSI C, and can 
be extended by integrating 
real-time executive compo- 
nents from the company’s 
standard MQX product. The 
executive provides func- 


tions such as task switching, 
pre-emptive scheduling, 
memory management, time 
stamping, delaying, and 
interrupt management. The 
product is available for the 
Motorola 68HC11 and Intel 
8088 and 80x86 processors. 
A project-based, royalty-free, 
source-code license, includ- 
ing one PC-based exe- 
cutable, costs $3000. Precise 
Software Technologies Inc, 
Nepean, ON, Canada. (613) 
596-2251, ext 27. 

Circle No. 400 


Embedded DOS runs Win- 
dows. Embedded DOS 6-XL 
is compatible with Microsoft 
DOS 5.x and 6.x and pro- 
vides real-time, fully pre- 
emptive, multitasking with 
32-bit thread support. It 
comes with a set of 48 kernel 
services callable from C or 
assembly and_ includes 
threads, timers, events, 


Design for Manufacturability 


A comprehensive manual, authored specifically for 
bare-board printed circuit design to meet today’s demand- 
ing fine pitch surface mount requirements. Includes bare 
board costing. The only manual of its kind internationally! 


This is a new publication, released in June, 1995, cov- 
ering all of the necessary design parameters for a quality 
product at the best cost. The contents include: the com- 
plete tooling package; electrical testing; selection of mate- 
rials; controlled impedance for high speed circvits; select- 
ing a surface finish for coplanarity, solderability and shelf 
life; and design guidelines for manufacturability. All of the 
cost drivers are identified, with the last Chapter dedicated 
to calculating the vendors bare board pricing. This manual 
is a must for every designer, manufacturing engineer, qual- 
ity manager and bare-board buyer. 


Price: $49.95 
(U.S. funds) 


Add Shipping and Handling: 
$4.00 inside the U.S. 


$8.00 outside the U.S. 


(Massachusetts Residents add 5% Sales Tax) 


ea dlalcce mOai cere liam R=resalale)(ere hy 
OMe =10) anys 
Burlington, MA 01803 





Phone: (617) 938-1440 
Fax: (617) 932-8056 
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mutex semaphores, and memory pool. 
The operating system is available in 
binary and full-source adaptation kits 
for $995 and $2500, respectively. Gen- 
eral Software, Bellevue, WA. (206) 454- 
5755: Circle No. 401 


ICEs for Motorola’s MCF 5102. The 
CodelICE system couples a full-featured 
in-circuit emulator (ICE) with a debug- 
ger. The MWX-ICE debugger operates 
on Sun 4, HP 9000, and Windows PC 
platforms. It supports popular compil- 
ers, including MRI and DIAB Data. The 
emulator is available with a run-control 
system, 4 Mbytes of overlay memory, a 
32k-word trace system, and a multi- 
threaded event system. Prices start at 
$21,950 for a PC-based system with 
32k-word trace memory and no overlay 
memory. Applied Microsystems Corp, 
Redmond, WA. (206) 882-2000. 

Circle No. 402 





Development tool simplifies the 
creation of imaging applications. 
The ImPowerTools let you create imag- 
ing applications for deployment on 
Novell LANs and Windows-based PCs 
without writing code. The tool kit also 
includes AppWare loadable modules 
for scanner, viewer, ICR, OCR, index, 
store, retrieve, and print functions. 
According to the company, the tools let 
you create customized imaging appli- 
cations in hours or days, instead of 
weeks or months. Prices for the tools 
start at $7500 for a five-seat license. 
Alta Technology Corp, Sandy, UT. 
(801) 562-1010. Circle No. 403 


FDDI, LAN, SCSI, and ATM cards use 
PCI mezzanine-card architecture. 
The new products using the Peripheral 
Component Interconnect (PCI) Mezza- 
nine Card (PMC) architecture are: The 
MPMC221 fibre-distributed-data-inter- 
face (FDDI) adapter, the MPMC201 
high-performance 100VG AnyLAN 
adapter, the MPMC101 high-end fast 
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and wide SCSI-2 communications con- 
troller, and the MPMC281 asynchro- 
nous-transfer-mode (ATM) adapter. 
Prices for the cards start at $550. 
Motorola Computer Group, Tempe, 
AZ. (800) 624-6449. Circle No. 404 


Programming environment for 
embedded systems has sophisti- 
cated editors for C and assembly. 


The Embedded Development Environ- 
ment (EDE) is available for 8051, MCS 
251, MCS 96, 68HCO08, 80C166, and 
R3000 devices. The EDE shell provides 
a consistent interface to the tools for 
creating, editing, building, and debug- 
ging an embedded application. It 
includes a high-level C- and assembly- 
language editor, a C interface genera- 
tor, amake tool, a librarian, object-code 
and cross-reference report writers, for- 


For embedded systems & mobile computers 


current game plan includes: 


Up to 32 MBytes capacity 
ISA and PC104 Interfaces 
Embedded TrueFFS° (True Flash File System) 


usISop o1ydeis/eupes 


PC Flash Disk 


For ISA and PC104 Bus 


DOS, Windows, QNX and VENIX compatibility 
Low Power Consumption 

Full Hard Disk Compatability 

Easy to integrate - "Plug-'n-Play" 

Bootable Disk : 

Extended temperature range option (-40°c + 85‘c) 


BIOS and Bootable Disk in one Package 

I to 4 MByte Capacity 

Embedded Flash Disk 100% Compatible with DOS 
Pin to Pin Compatible with EPROM BIOS 
Interleaving Support for Fast Write and Erase 


Low Power Consumption 
Single 5 Volt Supply 
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of Mey 
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Industry Standard Packaging 
No Battery Backup Required 


DiskOnChip™ 


ED102/ED104, 1-4 MByte Flash Disk 


USA Tel: 408-654-5820 Fax: 408-654-9107 
EUROPE Tel: 31-10-262-1144 Fax: 31-10-462-4855 
ISRAEL Tel: 972-3-647-7776 Fax: 972-3-647-6668 


TrueFFS° is a registered trade mark of M-Systems 
and is protected by US patent #5404485 





ro 
ANG winn™ 


Get in on the action 


Vy. M-Systems 


mums Flash Disk Pioneers 
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LEADER IN EMBEDDED INTERNET 





Pacific Seftwerts 


ees 


Features 


¢ Most powerful TCP/IP available for embedded 


systems 

¢ All source code written in C 

* Compatible with all C compilers 

¢ “Drop in” Drivers for most ethernet and 
processor chip sets 

* 100% RFC compliant 

«Comes with powerful real time scheduler that 
accommodates most ports 

¢ Compact design, code is Romable and 
re-entrant 

¢ Routing services for WAN support 

¢ Socket libraries are incorporated into TCP/IP 
stack for maximum performance 

¢ All upper layer applications available 


, Lian 


Services 


¢ Full porting services available at competitive rates 
¢ Comprehensive porting guide and programmers 


reference manual 


* Royalty free options available 

¢ Monthly internals porting classes 

¢ On-site consultation 

¢ Unlimited porting support via telephone, fax, or 


internet 


¢ Upgrade service, providing all the latest RFC 


changes and performance enhancements. 
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WHEN “TIME TO MARKET” 
IS KEY USE FUSION: 
TCP/IP, SNMP, PPP 
DEVELOPER KITS 


FUSION DEVELOPER KITS ARE 
THE MOST POWERFUL INTERNET 
PROTOCOLS DEVELOPED FOR 
EMBEDDED APPLICATIONS. OUR 
“TIME TO MARKET” PHILOSOPHY 
HAS MEANT WE’VE DEVELOPED 
PRODUCT WITH “DROP IN 
SUPPORT” FOR ETHERNET, AND 
PROCESSOR CHIPS AS WELL 
AS REAL TIME KERNELS. HIGH 
QUALITY, HIGH PERFORMANCE 
PROTOCOLS DEVELOPED WITH 
OVER 12 YEARS OF INTERNET 
PROTOCOL EXPERIENCE FOR 
YOUR SYSTEM DESIGNS. 





FOR MORE INFORMATION CALL: 
(800) 541-9508 within USA 
(805) 484-2128 outside USA 
(805) 484-3929 FAX 
Internet: sales@pacificsw.com 
World Wide Web http://www. pacificsw.com. 
Offices in Europe & Japan 
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Specializing in Industrial Applications 


¢ CARDS: Flash ATA (1.8 MB to 175 MB), 


parallel port, synchronous serial, SRAM, LAN, 


1.3” & 1.8” IDE (4 MB to 80 MB), & 
Type III hard disk drives (up to 260 MB) 


¢ CARD DRIVES: Single/dual slot, PC 104, 


IDE, ISA, serial, parallel 8& SCSI card drives 


Supisk 


The Solid Advantage 
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ActionTec, Quatech...And More 


3350 SCOTT BLVD., BLDG. 7 
SANTA CLARA, CA 95054 
408-727-2600 * 800-737-7462 
Fax: 408-727-2435 
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matters, and converters. You can 
extend the tool set to include other 
tools from the company and interfaces 
to other company’s tools. EDE costs 
$229. Boston Systems Office/Tasking, 
Dedham, MA. (617) 320-9400. 
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High-level debugger for 80196 C 
compilers and assemblers. 
ChipView-196 version 1.0 is derived 
from the company’s ChipView-5S1 
products and is compatible with Bor- 
land’s Turbo Debugger. The debugger 
supports all phases of design and test 
with a single user interface. The system 
includes an instruction-set simula- 
tor/debugger, a high-level user inter- 
face for CheckMate Systems’ 80196 
emulator, and a reduced-instruction- 
set monitor (RISM) based on a ROM 
monitor debugger. The system costs 
$795 for the instruction-set-simulator 
version and $995 for the RISM-based 
ROM-monitor version. ChipTools Inc, 
Mississauga, ON, Canada. (905) 274- 
6244. Circle No. 406 


Real-time modular development 
system for 16- and 32-bit micro- 
controller families. The MMDS1632 
hardware- and software-development 
system provides real-time in-circuit 
emulation for the company’s 68HC16 
and 68300 microcontroller families. 
The modular system comprises a sta- 
tion module, a device-specific micro- 
controller personality board, package- 
specific personality and target boards, 
emulation software, and the necessary 
interfaces. The modular approach lets 
you configure the system for a range of 
applications at minimum cost, because 
you need to purchase only the modules 
necessary for your application. The 
MMDS1632 costs $12,500, and prices 
for microcontroller personality boards 
start at $500. Motorola Microcon- 
troller Technologies Group, Austin, 
TX. (800) 765-7795, ext 912. 

Circle No. 407 
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It takes four of their 15-pin 
connectors to equal just one Molex 
LFH interconnect. Our unique 
60-pin design in a standard 15-pin 
D-Sub shell saves space and 
lowers system costs. 


Molex’s LFH (Low Force Helix) 
connector also offers high cycle 
life reliability and low insertion 
force. The LFH connector’s 
patented helix pins are thicker 


Molex's LFH Interconnect - G0 Pins 
In A Standard 15-Pin D-Sub Shell, Saves 


space And Lowers System Costs. 





and stronger than conventional 
pins, yet small enough to allow 
low insertion force and high-pin 
counts—on .075” or .050” centers. 


A controlled contact finish and 
plating provides the best possible 
stamped contact interface, while 
also reducing the friction that 
causes the wear associated with 


molex’ 


LOW Frofile. 
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stubbing and zippering. Testing 
confirms the LFH connector 
exceeds the industry’s most 
stringent reliability standards. 


For designs requiring small 
packages, high pin counts, and 
reliable performance, the LFH 
interconnect is the singular choice. 
Test one for yourself. Call Molex 
today at 1-800-78MOLEX for 
more information. 


Bringing People & Technology Together, Worldwide™ 


Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 U.S.A., Tel: (708)969-4550 « European Headquarters: Munich, Germany, Tel: 49-89-413092-0 
Far East North Headquarters: Tokyo, Japan, Tel: 81-427-21-5539 ¢ Far East South Headquarters: Jurong Town, Singapore, Tel: 65-660-8555 
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High-Density 


Interconnects 





©1995, Molex Incorporated 
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| With the SmartWave, 


all phases are 
created equal. 


And all three phases are independent, so you can test to real 
world power conditions. The SmartWave™ power source 
can simulate line disturbances of time coincident transients on 
three phase power, create simultaneous AC and DC power plus seamlessly 
transition from one waveform to another. With three independent arbitrary waveform 
generators and AC plus DC output, the SmartWave 5250 solves the most demanding 
test problems. 


Aerospace companies find the SmartWave perfect for simulating transients on a 





28V DC bus. Voltage sags, surges and dropouts can be programmed in accor- 
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dance with a variety of federal regulations. The 20 microsecond response time 
and 7 volts/microsecond slew rate allow the fastest transitions available for accu- 
rate simulation of real world conditions. 


‘Uninterruptible power supply manufacturers use Smart Wave to simulate both AC 
input and DC battery power at the same time. By simulating a wide range of AC 
line and DC battery conditions and measuring the results, the SmartWave pro- 


vides all the necessary resources in a single instrument. The SmartWave saves time, 
space and money by replacing an AC source, a DC power supply, two voltmeters 
and two current meters. 


Single and three phase power line simulation, standards testing and battery simulation are 
just a few of the many SmartWave applications. Call Elgar at 1-800-733-5427 or 
619-450-0085; our application engineers deliver solutions for all phases of test problems. 
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RISC processor provides glueless 
interface to memory and other 
improvements. The MB86936 RISC 
processor is available in 30- and 60- 
MHz versions. It includes an 8-bit video 
interface to streamline rasterization 
and configurable bus sizing, so that the 
IC can accommodate 8-, 16-, and 32-bit 
memories. The processor also has a 4- 
kbyte instruction cache and a 2-kbyte, 
two-way set-associative data cache. 
Samples cost $80. Fujitsu Microelec- 
tronics Inc, San Jose, CA. (408) 922- 
9000. Circle No. 363 


uC based on 8051 offers expanded 
feature set. The SABC509 8-bit wC 
has a 29-channel capture-compare 
unit, 3.3 kbytes of RAM, a 15-channel, 
10-bit A/D converter with adjustable 
sampling and conversion times, a 60- 
kHz PWM unit, and up to 64 general 
I/O pins and 15 input-only pins. The 
device costs $12.60 (10,000). Other 
versions offering less RAM start at 
$2.37 (1000). Siemens Components 
Inc, Integrated Circuits Division, 
Cupertino, CA. (408) 777-4500. 

Circle No. 364 


Communications processor for 
V.34 modem applications. The 
68DP356 combines a general-purpose 
wP core, a RISC communications 
engine, and a 24-bit DSP. It provides the 
hardware and software to perform 
data-pump functions for V.34 modem 
applications. The processor works with 
the ST7544 codec from SGS Thomson 
Microelectronics to perform data- 
pump and controller functions. The 
processor costs $75.95 (10,000). 
Motorola Microprocessor and Memo- 
ry Technologies Group, Austin, TX. 
(S12) 891-2429. Circle No. 365 


What’s Next in EDN 


@ Designing for speed with 
high-performance PLDs 


@ Technology promises free 
multimedia in PCs 


@ High-density FPGA synthesis 





Board Mount DC/DC Converters for Commercial, 
Industrial and Telecommunication Applications. 


Single and Dual Output 2W,3W, 7.5W, 
15W and 100W DC/DC Converters. 


e Short-Circuit Protection 
e Regulated Outputs 
e High MTBF 


e Remote On-Off 
Wide Input Voltage Range ¢ Two Year Warranty 


High Efficency For Information Call: 


High Power Density Tel: (510) 429-7170 * Fax: (510) 429-7173 
Low Profile 


Competitively Priced 


Volgen Volgen America 


QUALITY FIRST 


32980 Alvarado-Niles Road ¢ Union City, CA 94587 
Volgen — A Tokyo Keidenki Company 
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SPEEDBOARD, 


LOW DIELECTRIC CONSTANT Si acho 
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e Input: 5, 12, 24, 48 VDC 

e Output: 3.3, 5, 12, 15 VDC 

e Isolated Input / Output 

e Metal Encapsulated 

¢ Low Output Ripple and Noise 


















Gore's low dielectric constant (2.6-3.1) SPEEDBOARD prepregs offers all this plus faster 
risetimes, lower parasitics and higher wiring densities. SPEEDBOARD prepregs use standard 
processing PWBtechniques so your costs stay down. SPEEDBOARD materials combine 
a nonwoven fluoropolymer matrix with cyanate ester or epoxy resins providing an exception- 
ally low dielectric constant bonding layer. They can increase speeds by 20% while decreasing 
thickness by 29% when compared to FR-4 glass laminate prepregs. Yet youcan use the same 
artwork, same image transfer process and materials, same etching and other steps in standard 
PWB processes. SPEEDBOARD prepregs offer a high performance PWB solution without the 
typically associated higher costs. For technical information call: 


Tat 1-800-255-GORE 


Tig Na (1-800-255-4673) 
EDN July 6, 1995 ® 149 











W. L. Gore & Associates, Inc. 
Elkton, MD Fax (410) 996-3879 
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High-speed recording 
and real-time display 
package provides 
throughput rates to 400 
kHz. This high-speed record- 
ing and real-time display 
package has throughput 
rates of 400 kHz to RAM disk 
and 330 kHz to a hard disk. 
The package provides trig- 
gered and continuous acqui- 
sition modes in 16-, 32-, or 
64-channel configurations. 
From $4000. RC Electronics 
Inc, Santa Barbara, CA. (805) 
685-7770. Circle No. 367 


Portable SCSI perfor- 
mance and protocol ana- 
lyzer attaches to PCMCIA 
socket. The SCSI-View 
Model SV-8020 measures 
5.75 X3.6X0.81 in. and at- 
taches to a notebook PC via 
the PCMCIA socket. The 
instrument transfers cap- 
tured SCSI phase-event 
information to the host 
computer for analysis with 
the software. The software 
can search captured files for 
phase times, incomplete 
commands, messages, status 
bytes, and data burst rates. 
The instrument includes 
reprogrammable field-pro- 
grammable gate arrays, 
allowing the company to 


add analyzer features and | 


other changes by software 
updates. The analyzer with 
software costs 32995: 
Verisys Inc, Soquel, CA. 
(408) 464-4292. 

Circle No. 368 


Low-cost data-acquisi- 
tion device connects to 
serial port. The 232SDA10 
has 11 channels of 10-bit 
A/D conversion with a 0 to 
5V input range, three digital 
inputs with a +30V range, 
and three digital outputs 
with a 0 to SV range. The 
module uses three com- 
mands and has automatic 
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baud-rate detection from 
1200 to 9600 baud. The 10- 
bit version costs $49.95, and 
a 12-bit version costs $59.95. 
RS-485-compatible modules 
are also available. B&B Elec- 
tronics Manufacturing Inc, 
Ottawa, IL. (815) 434-0846. 
Circle No. 369 





Hall-effect sensor works 
over wide range of air 
gaps. The Model 427008-30 
zero-speed noncontact sen- 
sor senses targets at speeds 
from 0 to 20,000 Hz. It oper- 
ates over air gaps ranging 
from 0.010 in. for 44-pitch 
gears to 0.120 in. for eight- 
pitch gears. The 0.375-in.- 
diameter x 1.4-in.-long sen- 
sor is available in a standard 
model rated for 105°C and a 
high-temperature model 
rated for-150°C. Samples 
costs $75. Magnetic Sensors 
Corp, Anaheim, CA. (714) 
630-8380. Circle No. 370 


1/0 board provides inter- 
face between commer- 
cial test equipment and 
custom designs. The Inter- 
face Control Board (ICB) 
provides embedded P con- 
trol of custom circuitry 
across an IEEE-488.2 or RS- 
232C interface. The board 
comes with 72 digital I/O 
lines, programmable timers, 
an interrupt timer, DMA cir- 
cuitry, and several system 
clocks to control hardware. 
You can install custom cir- 
cuitry in a prototype area 
and interface it to test cir- 
cuitry through three 96-pin 
DIN connectors. The ICB is 
designed around a Eurocard 
6U form factor and fits into 
a VME-type chassis, B-sized 
slot. The board, including 
RS-232C cable, daughter- 
board, and software, costs 





Test & MEASUREMENT 


$995. Advanced Designs 
Inc, Colorado Springs, CO. 
(719) 598-9224. 

Circle No. 371 


PCI bus analyzer per- 
forms 200-MHz timing 
and 66-MHz state analy- 
sis on all 96 PCI bus lines. 
The 64-bit PCI-BA+64 and 
the 32-bit PCI-BA+32 ac- 
quire and display timing or 
state information on all 
types of bus cycles for 64- 
and 32-bit PCI-based sys- 
tems. The bus analyzers use 
the high-speed ECP parallel- 
port interface protocol to 
transfer data as fast as 2 
Mbytes/sec to PCs running 
Windows. It stores as many 
as 256,000 samples for each 
of the 96 input lines. You 
can select the amount of pre- 
trigger and post-trigger 
information you want in the 
sample data. Eight external 
200-MHz input channels are 
also available. The 64-bit 
board costs $6995, and the 
32-bit board costs $4995. 
NewBus Co, Fremont, CA. 
(408) 929-9060. 

Circle No. 372 


Instrument-driver DLL 
simplifies instrument 
control for Visual Basic 
and C users. The Instru- 
ment Driver dynamic-link 
library includes >75 instru- 
ment drivers for controlling 
popular [EEE-488 test instru- 
ments from Fluke, HP, Tek- 
tronix, Wavetek, and other 
instrument suppliers. The 
library is available on CD- 


ROM and costs $495. 
National Instruments, 
Austin, TX. (512) 794-0100. 

Circle No. 373 


10-MHz direct digital- 
synthesis function gener- 
ator costs $1269. The 
Model 29 function generator 
provides both standard and 
arbitrary waveform genera- 
tion. Standard functions 
include sine, square, positive 
pulse, negative pulse, multi- 








level square, triangle, ramp- 
up, ramp-down, sin x/x, dc, 
and pseudorandom noise. 
The instrument includes 
both RS-232C and [EEE-488 
interfaces for remote pro- 
gramming. Battery-backed 
memory stores nine instru- 
ment setups. Wavetek 
Corp, San Diego, CA. (619) 
279-2200. Circle No. 374 


Passive bus analyzer 
adds support for SCAM 
protocol. The IPC-6500 bus 
analyzer now supports SCSI 
Configured AutoMagically 
(SCAM), which Windows 95 
requires on SCSI systems. 
The bus analyzer features a 
single-ended and differen- 
tial line connector, 20-nsec 
resolution for 16- and 8-bit 
SCSI, event filtering using 
transition masks, a 50-MHz 
programmable state ma- 
chine, 16-level triggering, 
and multiple data display 
modes. The hardware comes 
with a full-length [SA-bus 
card with 68- and SO- pin 
connectors. It costs $5100. I- 
Tech Corp, Edina, MN. 
(612) 941-5905. 

Circle No. 375 


True-rms DMM meets IEC- 
1010 Category Ill stan- 
dards. The Model 76 DMM 
for overvoltage Category III 
requirements continuously 
withstands 600V ac or dc 
and has impulse withstand 
protection up to 6000V. The 
DMM is either certified to or 
has pending certification to 
the following agency ap- 
provals: UL, CSA, CE, and 


-FS700 Priteeetts Peo tencnttry line of high 7 
olution synthesizers and precision counters. 


* Cesium long-term stability (10) 


© 10° short-term stability (10"" opt fon 
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TUV. The 3%/2-digit, 4000-count multi- 
meter measures true-rms ac voltage and 
current, dc voltage and current, resis- 
tance, frequency, capacitance, continu- 
ity, and diode test. It costs $199. Fluke 
Corp, Everett, WA. (206) 347-6100. 
Circle No. 376 


16-bit data-acquisition boards for 
ISA bus have 10-y.sec scanning per 
channel. The DagBoard/200A pro- 
vides 16 channels, expandable to 256 
while maintaining the 10-ysec per 
channel scanning speed. The board 
also provides a 512-position sequencer 
for selecting the analog channel 
sequence and gain value in any order. 
The board has two 12-bit analog output 
channels supporting sample rates to 
500k samples/sec, a high-speed 16- 
channel digital I/O port, a 24-bit gen- 
eral-purpose digital I/O port, and five 
independent 16-bit counter/timers. 
The board costs $1195. Ime 
DaqBoard/216A offers the same data- 
acquisition features without the digital 
I/O and counter/timers; it costs $995. 
1Otech Inc, Cleveland, OH. (216) 439- 
4091. Circle No. 377 


Extenders for ISA bus provide hot- 
swap and other debug features. 
The PC/AT150 extender for 8-bit ISA 
bus and the PC/AT200 for 16-bit ISA 
bus cards let you add and remove cards 
without turning off the system power. 
The feature adds a 250-psec propaga- 
tion delay and a 40 on-resistance, caus- 
ing minimal degradation in perfor- 
mance for the board under test. The 
extenders also provide short-circuit 
protection and current limiting to 
avoid motherboard damage. The 
extender generates a power-on reset 
signal whenever the extender board is 
turned off and on. DIP switches let you 
selectively isolate signals for debug- 
ging. The PC/AT150 costs $295, and 
the PC/AT200 costs $345. Catalyst 
Enterprises Inc, San Jose, CA. (408) 
268-4145. Circle No. 378 


64-Mbyte oscilloscope-memory 
option accommodates waveform 
processing of long records. The 
930X-64 option for the company’s 
9300 series digital oscilloscopes lets 
you perform integration, differenti- 
ation, FFT, square, square-root, log, and 
exponential functions and use six 
selectable digital filters on data records 
up to 8 Mbytes long. The option costs 
$3500 and can be retrofitted into pre- 


viously delivered oscilloscopes. LeCroy 
Corp, Chestnut Ridge, NY. (914) 425- 
2000. Circle No. 379 


Pen-style DMM has 4200-count dis- 
play. The DM73A has a reading-hold 
feature to freeze a reading. It also auto- 
matically holds maximum voltage 
readings and minimum resistance 
readings. The meter has an automatic 
shut-off for extended battery life. It is 
designed to UL and EN (IEC) agency 
safety standards. $69.95. Wavetek 
Corp, San Diego, CA. (619) 279-2200. 
Circle No. 380 





Fast spectrum analyzers cover fre- 
quencies from 20 Hz to 3.5 GHz. The 
FSEA 20 spectrum analyzer operates 
from: 9 kHz to 3.5. GHz and Costs 
$29,995. The FSEA 30 spectrum analyz- 
er covers frequencies from 20 Hz to 3.5 
GHz and costs $43,895. Specifications 
include a resolution bandwidth of 1 Hz 
to 10 MHz, an intermodulation-free 
dynamic range of 113 dB, a noise floor 
of -145 dB for a 10-Hz bandwidth, and 
a phase noise of -123 dBc/Hz at 10-kHz 
offset. The instruments evaluate the 
performance of mobile communica- 
tions systems. Rohde & Schwarz devel- 
oped the analyzers, which Tektronix 
market and support in the United 
States and Canada. Tektronix Inc, 
Beaverton, OR. (800) 426-2200. 

Circle No. 381 


Tool creates boundary-scan- 
description-language files from 
Verilog netlists. BSDLMaker com- 
piles structural Verilog netlists and 
package pin files, performs 1149.1 
design-compliance checks, and gener- 
ates a boundary-scan-description-lan- 
guage (BSDL) file. The tool also pro- 
vides a warning- and error-message file 
and a debug file. You can configure the 
tool to accept primitives and macro- 
cells from multiple silicon vendors, 
such as LSI Logic, TI, VLSI, and others. 
The software costs $6750 for PCs and 





$8100 for the Sun SPARC. Intellitech 
Corp, Meredith, NH. (603) 279-6308. 
Circle No. 382 


PC software lets you document, 
archive, analyze, and create wave- 
forms for test instruments. Any- 
Wave 2.0 is for the company’s 
ScopeMeter, CombiScope oscillo- 
scopes, and ARB generators. The soft- 
ware lets you create waveforms from 
scratch using a mouse or modify wave- 
forms captured by an oscilloscope. You 
can use the waveforms in the PM 5150 
arbitrary waveform generator or on the 
oscilloscopes for pass/fail testing. The 
software communicates to the instru- 
ments through RS-232C or IEEE-488 
interfaces and costs $295. Fluke Corp, 
Everett, WA. (206) 347-6100. 

Circle No. 383 





Cart holds logic analyzers and 
oscilloscopes. The HP 1183 Testmo- 
bile holds the HP 54620A logic analyz- 
er and the HP 54600 oscilloscopes. A 
locking system attaches the instrument 
to the cart. You can lock the tray hold- 
ing the instrument into various posi- 
tions. The tray also has a holder for 
scope probes. The cart costs $495. 
Hewlett-Packard Co, Santa Clara, CA. 
(800) 452-4844, ext 9422. Circle No. 384 


Computer-aided-experiment 
design package for Windows. The 
Computer Aided Research and Devel- 
opment (CARD) software suits use by 
scientists and engineers working in 
product, process, and quality R&D. The 
tool helps you design experiments to 


get the information you need from the 
experiment. It handles multilevel 
experiments with mixture variables 
and multiple constraints. The software 
costs $495. Westing Software, Corte 
Madera, CA. (415) 945-3870. 

Circle No. 385 





Compact power meter has wide 
power level and frequency cover- 
age. The Model 4220 power meter cov- 
ers frequencies from 100 kHz to 100 
GHz and measures power from —70 to 
+44 dBm. Dynamic range is up to 90 dB 
with diode sensors and 50 dB with ther- 
mocouple sensors. The meter fits into a 
half-rack panel, making it suitable for 
production automatic-test-equipment 
environments. It costs $2150. Boonton 
Electronics Corp, Parsippany, NJ. 
(201) 386-9696. Circle No. 386 


Bus analyzer for IDE/ATA packet 
interface. The ID-520 IDE/ATAPI bus 
analyzer has 32 ATbus-attachment 
(ATA) channels plus four general-pur- 
pose channels. It has a 50-MHz sam- 
pling frequency, a 1-million-event cap- 
ture buffer, and the ability to capture 
continuously to disk. The board and 
Windows-based software cost $6500. 
Innotec Design Inc, Buena Park, CA. 
(714) 522-1469. Circle No. 387 


Low-cost programmer for Xilinx 
EPLD devices. The XPGM program- 
mer for erasable PLD (EPLDs) and seri- 
al configuration PROMs (SPROMs) 
costs $295. Xilinx certifies the pro- 
grammer to meet the programming cri- 
teria for all of the current EPLD and 
SPROM product lines. The programmer 
is an ISA bus card that connects with an 
external programming socket via a 30- 
in. ribbon cable. It comes with adapters 
for 44-pin PLCC packages and eight- 
pin DIP packages. Adapters for other 
packages cost $99 to $199. Deus Ex 
Machina Engineering, St Paul, MN. 
(612) 645-8088. Circle No. 388 





Plug and Play 
GPIB 





ot 






AT-GPIB/INT 
(Plug and Play ISA) 
e¢ PC system configures hardware 
resources on boot up; no 
jumpers or DIP switches 
e Maximum GPIB transfer rates 
— 1.5 Mbytes/s using IEEE 488.1 
handshake 
— 3.4 Mbytes/s using HS488 (EISA) 
¢ TINT4882C™ IEEE 488.2 
Controller ASIC 
















PCMCIA-GPIB 
e Type IT PCMCIA 
card ul 

e Compliant with PCMCIA PC 
Card Standard 2.0 and above 

« Hardware resources automati- 
cally configured when inserted 

e TINT4882C IEEE 488.2 Controller 

ASIC for low-power operation 















Cross-Platform Software 

Compatibility 

e Industry-standard NI-488.2™ 
software for DOS and Windows 

¢ Configuration and development 
utilities 

e Simple migration path to new 

Plug and Play operating systems 













For more information 
on Plug and Play GPIB 
and a FREE catalog, 
call (800) 433-3488 


(U.S. and Canada) 


\ NATIONAL 









INSTRUMENTS 


The Software is the Instrument® 





6504 Bridge Point Parkway ¢ Austin, TX 78730-5039 
Tel: (512) 794-0100 ¢ Fax: (512) 794-8411 
E-mail: info@natinst.com 


Come to NI Week, July 23-28 


© Copyright 1995 National Instruments Corporation. 
All rights reserved. Product and company names listed are 
trademarks or trade names of their respective companies. 








CIRCLE NO. 48 





FREE INFO, FREE POSTAGE 
Use our postage-paid reader-service 


cards to get more information on — 
any ofthese products. = 





Catalog for system-pow- 
er products. A catalog fea- 
tures technical information 
on a range of products, 
including alternate current 
sources, dc power supplies, 
and electronic loads. The 66- 
pg guide contains applica- 
tion information, dimen- 
sion drawings, photos, and 


product = specifications. 
Hewlett-Packard Co, Santa 
Clara, CA. Circle No. 350 


Brochure presents power 
supplies for displays. A 
guide for a line of informa- 
tion-display power supplies 
includes dc/ac inverters for 
cold-cathode-fluorescent- 
tube, backlit LCDs. The 
brochure features a line of 
dc/dc converters for applica- 


1a | LITERATURE 





tions such as gas-plasma dis- 
plays. Endicott Research 
Group, Endicott, NY. 

Circle No. 351 


interactive catalog on 
disk. This interactive com- 
puter program guides users 
through the selection and 
configuration of a line of 
power supplies, including 
modular components and 
configurable systems. The 
catalog includes power-sys- 
tem accessories. Vicor Corp, 
Andover, MA. Circle No. 352 


Hypertext Markup Lan- 
guage pocket reference. 
A reference card details the 
Hypertext Markup Lan- 
guage, the language of the 
World Wide Web. The fold- 
out card shows how to for- 
mat a Hypertext document 
for use with the World Wide 
Web, including how to lay 


SCSI 1&2 


SE-Diff CONVERTERS 
& SCSI bus EXTENDERS 


Tel: (415)322-5322 


Fax: (415)322-0455 


CoCORFPORAT ICOM 


115 Constitution Drive, 


Menlo Park, CA 94025 
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out text and how to set up 
headers, titles, and tables. 
The guide also describes the 
types of forms, how to set up 
a point-and-click mat, and 
how to include anchors, 
sounds, and images. $4.50. 
Specialized Systems Con- 
sultants Inc, Seattle, WA. 
Circle No. 353 





Test-equipment product 
guide. This catalog features 
rental equipment for testing 
power-transmission and dis- 
tribution, communications, 
industrial-plant operations, 
and microwave/RF systems. 
The guide describes the 
company’s one-source re- 
pair, calibration, and certifi- 
cation services. GE Capital 
Test Equipment Manage- 
ment Services, Norcross, 
GA. Circle No. 354 


Trimmer-capacitor cata- 
log. This 34-pg catalog 
describes a line of glass, 
quartz, air, and trimmer 
capacitors. The guide details 
sample kits, tuning tools, 
and design capabilities. 
Voltronics, Denville, NJ. 
Circle No. 355 


Catalog features compo- 
nents. A detailed catalog 
offers specifications for a 
product line, including tri- 
acs, SCRs, rectifiers, and 
diacs. The guide provides 
diagrams, application notes, 
and a cross-reference guide. 
Teccor Electronics Inc, Irv- 
ing, TX. Circle No. 356 





Handbook covers Win- 
dows software. This guide 
highlights software under 


DT-Open Layers for Micro- 


soft Windows 95 Plug-and- 
Play. It covers numerous 
programming tools, a new 
high-level DSP language and 
compiler, and visual-pro- 
gramming applications. 
Data Translation, Marlbor- 
ough, MA. Circle No. 357 


Satellite-wire-and-cable 
guide. This free guide high- 
lights lightweight wire and 
cable for commercial, mili- 
tary, and NASA satellites. 
The brochure details a radia- 
tion-cross-linked insulation 
system. Raychem, Menlo 
Park, CA. Circle No. 358 


Catalog details sensors. 
This catalog provides dia- 
grams, dimensions, and 
specifications for a line of 
photoelectric sensors. The 
guide includes a detailed 
accessories guide. Aromat 
Corp, New Providence, NJ. 

Circle No. 359 


Guide for Teflon pc-board 
prototypes. What Does it 
Take to Get a Good Teflon Cir- 
cuit Board Prototype Around 
Here? is a guide to fabricating 
Teflon prototypes. The guide 
details a Teflon prototyping 
service for microwave and 
wireless-applied pc boards. 
Southwest Circuits, Tuc- 
son, AZ. Circle No. 360 


Power-switches and reg- 
ulators data book. This 
catalog contains data sheets 
on more than 50 devices, 
including single- and dual- 
output linear regulators, 
switching regulators, and 
power-supply-control ICs. 
The guide features an 
expanded section of applica- 
tion notes on topics such as 
hysteretic mode control. 
Cherry Semiconductor, 


East Greenwich, RI. 
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DECISION 
IS YOURS! 


as to who gives you the best value? 
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¢ Same day Prototype 
¢ Hi-Volume Production Runs 
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EXTRAS ¢ Photoplotting 
* Gold $50.00 Testing 


= 
ecutrace inc. 


_-—=—SsS—C CIRCLE NO 250 


¢ Complete CAD/DFM Service 
¢ Deep Tank Gold & Palladium 


¢ Gerber/AutoCad/HPGL/P-CAD 
¢ SMT & Thru Hole Assembly 


CALL US TODAY AT 









PILOT-U84 Universal Programmer 
#1 in New Device Support & Expandability 
If Data I/O cannot support you or your devices, 

please call us. We support the newest devices from 

Altera, AMD, Atmel, Cypress, Intel, Lattice, NEC, 
| Microchip, Motorola, NEC, Philips, WSI, Xilinx, etc. 
| All packages types: PLCC, PGA, QFP, TQFP, TSOP, SOIC, etc. 

800-627-2456, 408-243-7000, FAX: (408) 736-2503 














This advertising is for new and current products. 


486 Single Board Computer 


(J All-In-One features and size only 5.75” x 8” 
LI 486DX2-66/486DX-33/486SX-33 CPU 

J On board RAM/ROM disk sockets 

() Built-in Ethernet, VGA/Flat Panel interface 
J On board enhanced IDE, serial and parallel 
I Watchdog timer, PS/2 mouse and K/B port 
J PC/104 socket and Up to 32MB DRAM 


Col=¥-] Ms) =] Om co) an @) =") 
Advantech, 800-800-6889 


750 East Arques Ave., Sunnyvale, CA 94086 
Tel: 408-245-6678, Fax: 408-245-8268 
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Best Value in the World 
for 
POLYIMIDE & FR4 


1 to 5 DAY TURN 
1 to 12 Layers 
PRINTED CIRCUIT PROTOTYPES 
2 PIECE PRICES FOR FR4 .062 Th. 
| 15 | $233 | $292 | $639 | $787 | $935 | 
| 30 | 264 | 330 | 724 | 891 | 1059 | 
| 60 | 311 | 389 | 953 | 1049 | 1137 | 


M 5PIECESx1.34 MH! 5 DAY PRICES ABOVE 
@ 10 PIECES x 1.67 @ ULLISTED 


EXTRAS CAPABILITIES DISCOUNTS 
@ Buried & Blind Vias 


@ Photo Plottin a= 
- @ Polyimide Multilayer + — 


@ Testing @ Full Body Gold 5% 
@ Gold Contacts - $50 @ Carbon Paste 


Wi 25% - Below8 Mil Hole ™ Tin nickel burn-in boards 
new. Mi SMT-SMOBC @ CoD 


- Below 15 MilHole gy Up to 22 layers 1 0% 
@ SMOBC & LPI - $50 @ Impedance control boards 


FOR MORE INFORMATION CALL OR FAX 


Ken Bahl @ 1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408)735-1408 Modem (408) 735-9842 
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Joanne Dorian, 212-463-6415 
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Please circle Reader Service number 
for additional information from manufacturers. 





GANG PROGRAMMERS 
FLEX-700 


148 pin from $945 
40 pin from $845 
| 8 gang from $845 
| TUP-400 $695 
| TUP-300 = $545 


Appreciated by over 70,000 users worldwide 

@ Supports Altera 7xxx, MACH 435, Xilinx, Intel 
FX7xxx, nearly all FRGA/CPLD/PLD... 

@ Support EPROM, 28/29F flash, serial PROM, 
PSD4XX/5XX, Intel/Motorola/NEC/Hitachi MPU 
devices. Over 3,000 devices supported. 

@ Test TTL 74/40/45 series, DRAM(SIP/SIMM), and 
SRAM. EPROM EMULATION option. 

@ Gang programming & stand alone option. 

@ Universal 44,68 pin PLCC modules. 


8051 IN-CIRCUIT EMULATORS 


NICE-51 SYSTEMS FROM $895 


@ Supports 87(C)51 and many 
derivatives. 
@ Fully supports emulation of 
internal and external memory 
with no intrusion on user 
memory, I/O, stack, INT... 
@ Supports Archimedes, 
Franklin, Intel, IAR, KEIL, 
2500AD,... C compilers and 
most assemblers. 
@ Single step, go slow, run in real time, set break- 
points and much much more... 
= Complex trigger and filter functions let you trace in 
real time all or any portion of program execution 
you desire (up to 16K 48bit words). 


ROM/RAM EMULATORS 
TRE/EML SYSTEMS FROM $195 


= Emulate up to two a 
27(C)64 - 27(C)010 NA 
devices at one time in 
independent or 16 bit 
even/odd mode. 

# Emulate one 27C020, 

2101024, 2702048. 


EPROM PROGRAMMER FROM S143. 


Tribal Microsystems Inc. 
44388 S. GRIMMER BLVD., FREMONT,CA 94538 
A Tel: (510) 623-8859 
Tribal Fax: (510) 623-9925 
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Multilevel Fault Tolerant System 
Yields Ultimate Application Protection 


“STAIRS” 


STAIRS was designed to meet the most stringent system requirements, for 
example; chemical process control, nuclear power regulation, air traffic con- 
trol or file server applications. In short any task that can not be allowed to fail: 


needs STAIRS! 
%& Some Of The Many Features * 

* Hot Swop, Load Sharing, Redundant Power Supplies 
* Drive Mirroring With Instant Drive Fail Alarm 
* Redundant CPUs 
- ri phware 28 Shot Intelligent Passive Backplane 

64K System Mail Box For Inter CPU Communication 
* Local & Remote Alarm Reporting For System Failures 
* Operating System Independent 


Send For Our New 1995 Catalog 


6780A Sierra Court 
Dublin, CA 94568 
PHN 510 828 3000 


Leaders In Industrial Computer FAX 510 828 1574 


Products Since 1979 
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TITTNT 7d ACQUISITION 


THINK BY cee). 


“The Embedded PC Specialists" 


@ ADCLONE) Data Acquisition boards include 
multichannel A/D & D/A and Digital I/O 

@ Full line of Multi I/O, Timer, and Relay Boards 

B Full line of ISA and PCXI CPU boards to 100MHz 

@ 3 to 20 slot Embedded and Rack Mount Chassis 

M3 to 20 slot ISA and PCXI passive backplanes 


Call now for our Special “Get Embedded Offer" 


me 2598 fortune way 
a= vista. ca 92083 
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AllMax+ (Parallel Port version) 
AllMax (Plug-in Card version) 


FA 





* AMD MACH, ALTERA MAX, PAL, 
GAL, XILINX EPLD, PROM, EPROM, 
FLASH, MOTOROLA MCU, etc. 

* TESTS TTL/CMOS, DRAM, SRAM 

¢ 48-PIN GOLD-ZIF socket 

¢ Lifetime FREE S/W UPDATES 

¢ 2-Yr Warranty, Made in U.S.A. 

¢ FREE PLD COMPILER 





Electronic Engineering Tools 


( A 544 Weddell Dr., Suite 6 
Sunnyvale, California 94089 
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2 New Versions! 


Data I/O® quality and reliability 
at a price you can afford. 
programs a 
broad range of memory and microcon- 


troller devices for just $995*. 

programs more 
than 1900 logic and memory devices for 
only $1495*. 


support PLCC, SOIC, 
QFP, and TSOP packages. 


(1-800-332-8246) 


DATA I/O 


CIRCLE NO. 260 


LTS-2020 


*US. list 
price only. 


- CPU emulator board brings LTS to 486 PC platform 

- Test programs written in industry-standard C language 
- LTS-Basic-to-C conversion program included 

- Full LTS Basic instruction set has been ported to C 

- 100% compatible with all existing test hardware 

- Industry-proven: over 30 systems in use world-wide! 


Ph: (408) 253-1353 

Fax: (408) 253-2533 

Calyx @ix.netcom.com 
599 N. Mathilda Ave., Suite 34, Sunnyvale, CA 94086 
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UNIVERSAL PROGRAMMER 
$745 
$645 


(408) 734-8184, 734-8185 FAX 

























STACKING CONNECTOR 
WITH 0.026"" SPACING AND 
UP TO 50-POSITIONS 










Hirose is offering the DF15, an ideal connector for supporting 
internal mounting of components in portable telephones, 
HDD, PCs and PDA drives. The DF 15 easily meets today’s re- 
quirements for lower-cost, higher-density, SMT board-to- 
board connectors. Hirose’s DF15 features tight 0.65mm 
(0.026") spacing and stacking heights ranging from 4mm to 
8mm in 1mm steps. Available with 20, 30, 40 and 50 positions, 
the DF15 offers a gull wing type design for secure PCB con- 
tact to assure reliable performance. 

Hirose’s board-to-board family offers numerous choices, 
including the DF9, with 1mm spacing, the DF12 with tight 
0.5mm spacing, and the FX6 with 0.8mm spacing. 


Hirose Electric (U.S.A.), Inc., 
2688 Westhills Court, Simi Valley, CA 93065. 

(805) 522-7958, Fax: (805) 522-3217. For a fax 
catalog: 1-800-879-8071. Ask for #5021. 










































































Combine your 
Product Mart ads in 
EDN Magazine and 

Products Editions 
for 
higher impact 
and a 
lower rate! 









Membrane Switch 
Components 


The adhesive that holds together the layers 
of your membrane switch can ultimately 
spell the success or failure of the products 
you design. That’s why you should specify 
the adhesive components for your switch. 
Right now, 3M is offering a free information 
packet on membrane switch assembly systems. 
Call 1-800-455-4363, ext. 9501, or write 3M 
Identification and Converter Systems 
Division, 10701 Hampshire Avenue South, 
Minneapolis, MN 55438. 
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ig - | Thin Lithium 
Digital Oscilloscope 7 gape de ae _ | Batteries 

































As thin as 0.6mm 
| e Thin rectangular format 

e Customized capacity 

4 © Solder or pressure contacts 
4 ° Available in 3 and 6 volt 












200 MSa/s Sampling Rate 
up to 128K Samples/Channel 












WITH DIP/SOIC family of products: 





PACKAGE CONVERTER ¢ Standard: A, B, C sizes 
Pera ee Melt ¢ Convert surface mounted SOIC * Ultrathin: less than 1 mm 
pattern to DIP. ' 
2 Analog Channels (2 ch. Oscilloscope) » Solder to SOIC Land Pattern. ¢ Customized: capacity and/or size 


e Rechargeable: call for information 
Gould Electronics Inc., Electronic Power Sources — 
35129 Curtis Blvd. Eastlake, Ohio 44095-4001, USA 
Phone: (216) 953-5059 Fax: (216) 953-5152 
Toll Free: 1-800-722-7890 (U.S. & Canada) 


== GOULD 


Flectronics 
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8 Digital Channels (8 ch. Logic Analyzer) | __ 
- All 10 channels can be used at same time| __ 
Simultaneous use of all 10 channels 

Cross Triggering of Digital and Analog 
125 MHz Single Shot Bandwidth 


¢ Then plug DIP IC into DIP socket. 
* DIP pins are gold plated machined pins. 
* Multiple sizes available 

IRONWOOD ELECTRONICS 


P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 









$1799 DSO-28200 (200MSa/s, 4K/Ch) 
$2285 DSO-28264 (200MSa/s, 128K/Ch) 











The Premier Reliability Software 
400 MHz Stand Alone 


or RS 232 Host 
Device Prog mer 


Logic Analyzer 





“the intuitive = Reliability Prediction 











a. solution!” : 
: e MIL-HDBK-21 7 
. SOCKET ADAPTERS 
New! i ° Bellcore NOT INCLUDED 
° Parts Coun 
v5.2 for : ¢ Mechanical: © 







: : Windows : ¢ CNET 


- up to 128 Channels & Mac + ted ay 
- up to 400 MHz ) 

- up to 16K Samples/Channel 
- Variable Threshold 





e Stand Alone or RS 232 + * DOS/Windows 3.0/3.1 
¢ Gang 8 EPROM Option »¢ Waferscale PSD 
e EE/EPROM to 16 Meg. ¢ Microchip PIC 
¢ DIP, PLCC, QFP, and = Motorola Micros 
other socket technologies « All Xilinx Devices Supported 
e PLDs and FPGAs ¢ Free Software Updates 


800 315-7766 ° Compact & Portable 
EAST COAST REGION: LOGICAL 


800 331-7766 DEVICES, INC. 









Use the Relex Reliability Software to evaluate and 
pinpoint areas for potential reliability improvement. 
Quickly calculate your system MTBF using the powerful CAD 
interface, impressive graphics, and unmatched friendliness. 


- 8 External Clocks And choose from Windows, Mac, and DOS versions! 
- 16 Level Triggering Call 412-836-8800 Today For More Information! 
- Pattern Generator (Option) I Innovative Software Designs, Inc. 


One Country Drive, Suite |000 412-836-8800 
FAX 412-836-8844 



















Greensburg, PA 15601 USA 







____| $1299 - LA32200 (200 MHz, 32 Ch) Pods & Software 
$1899 - LA32400 (400 MHz, 32 Ch) included 

Also Available: 

$799 - LA12100 (100 MHz, 24 Ch, TTL only) 
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Universal 
Programmer 











PAL - GAL - MICRO _ “twwwss a > ~~ Pe m for our 
EPROM - EEPROM - FLASH 3 a Call our AUtOFAX 916-753-0618 


from your FAX. Request : 
catalog #18. i 













a better way to deal with heat 


© Interactive menu-driven. ® Powerful edit features. 






















© Models: enclosures, ¢ Thermal parameters : = 
plates, circuit boards, library. a as 
heat sinks. ¢ English language design || ~ 


e Analyze the whole system. summaries. 
¢ All heat transfer modes. ¢ IBM PC & Macintosh II. 


Call For Free Evaluation Kit 


UL 


Tatum Labs, Inc. 
1287 N. Silo Ridge Dr, Ann Arbor Mi 48108 USA 
313-663-8810 


-. CIRCLE NO. 270 
2 Dorian, 212-463-6415 


$475 
Call for full device support list 


Free software updates on BBS 


Call (201) 808-8990 
ha Link Instruments 


369 Passaic Ave, #100, Fairfield, NJ 07004 fax: 808-8786 






















1724 Picasso Ave. 
\ Davis, CA 95616 
} 916.757.3737 
916.753.5141 FAX 
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UniROM™ 


ADVANCED 





» Engineered from the ground up to » FLASH support to 29F040 


port target independent, _ 





}» Zero wait-state operation to 35 

}» Single unit supporis PC, MAC, 
SUN and other HOSTs. 

» Options include complex triggers, port. 


trace buffers, and hardware break- >» Field upgradable to 4Mbit (27C040) 


points. emulation. 
. » Drivers available for popular 
~ gource-level debuggers. 


Starting at $595 


eWielitcls}icn 


MICROPROCESSOR 


EMULATORS 


Zax provides a comprehensive 
series of real-time emulation sup- 
port for Motorola, Intel, NEC, Zilog, 
and Hitachi microprocessors. Some 
of the highlighted features include 
source-level debug, real-time trace, 
and performance analysis. 


Call now for more information: 


(800) 421-0982 
(714) 474-1170 (Inside CA) 
(714) 474-0159 (Fax) 


ZAXTEK 
42 Corporate Park Irvine, CA 92714 
CIRCLE NO. 274 


Plug in HERE > 


to Maximize the 
Value of Your Oscilloscope! 


SANE SuperProbe" 


Oscilloscope _ 
Triggering Devices | U / 


= Complex triggering 





for digital circuits 
= Easy to use 
= Simplifies circuit debugging 
= Works with any oscilloscope 
= Models start at only $99 


PROGRAMMABLE 


“ine. RG) 


41 Beamer Drive ® Ann Arbor, Mi 48103 
Phone: (313) 769-7540 ® Fax: (313) 769-7242 
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Libraries included for direct 
READAWRITE access. 
» Download AND verify from PC printer 


> Battery back-up & PLCC adapters 


OK/1M/2M/4M 
$3 19/$349/$379/$439 


FlexROM plus” “ EconoROM ] 


Flexible een 


Economical Emulation 











= starting at Ses 


$149 <> 


x: 404 SE14 


90 Day 
Warranty 
10 Day 
Money-Back 
Githietitae 
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e High-speed d download standard 


e Available from Marshall — 1- 800-432-2223 


Meee now: 
af 1-800-523-1565 
Fax: 407-994-3615 * U.S. list 


A Complete Line of Development Boards, 
Programmers and In-Circuit Emulators 
3 Sy Announcing New Products 2 
#1 8051 Debugger for Windows [:: 

1 now available from Ceibo —= 


Supplied as standard with DS-51, EB-51 and DB-501. 


For more ane call us today 
C F[ BO 1-800-833-4084 
CompuServe 100274,2131 


U.S.A. Tel: 314-830-4084 Fax: 314-830-4083 

Germany Tel: 06151-27505 Fax: 06151-28540 

Israel Tol: SEs 9-555387 Fax: 972- 9- ee 
_ CIRCLE NO. 278 _ 





Low Cost 16-bit Controllers 


PCMCIA ? 


V25-Engine” & MemCard™ 


Prices start at $99+599 Qty 1 
Easy to program in Borland/Microsoft C/C++. 


° 3.6 x 2.3 x 1.1", 68 pin PCMCIA mem or 1/0. 
¢ 32 Mb PCMCIA, 1 Mb Flash, 512K SRAM. 

¢ 11 12-bit ADC, 3 UART, 3 timers/counters. 

¢ 32 1/0, RTC, low power, 4 mA standby. 


Ti 216 F St. #104, Davis, CA 95616 USA 


Tel: 916-758-0180 
Fax: 916-758-0181 


Internet Email: tern@netcom.com 
ftp://ftp.netcom.com/pub/te/tern 


Consistency 
is 
key 


a hy hy ha fa, 


to the power of 
EDN Product Mart 





Nichicon “Posi-R” Thermistor 


provides self-resetting overcurrent 
and overheating protection. 


The “Posi-R” Thermistor line from Nichicon provides 

reliable self-resetting circuit protection from over- 

currents and overheating inflows that commonly affect 

computers, telecommunications equipment, color 

televisions, alarm systems, motor controls, and many 

other similar applications. 

¢ ZPC Series limits current during overcurrent situations, 
returns normal current when fault subsides. 

« ZPB and ZBK Series for automatic circuit degaussing. 

¢ ZPH Series non-contact control device used in small- 
power heaters. 

* ZPD Series brings automatic resetting to overcurrent 
and overtemperature protection in home appliances. 


¢ ZPP Series adds thermal protection for power transis- 
tors and thyristors in power sources. 


For a free “Posi-R” catalog call, fax or write: 
Nichicon (America) Corporation 
927 E. State Parkway 


Schaumburg, IL 60173 


nichicon: 708-843-7500 * FAX 708-843-2798 


CIRCLE NO. 279 














ve rt, call Joanne Dora: 21 2463-6415, $ 


Mac OS 


Call the leaders in Electronics CAD 
software on the Apple Macintosh for 
your schematic, PCB, simulation and 
PLD/FPGA design requirements. 


Call 
Toll 
Free 


fax: (604) 522-3972 
e-mail: info@capilano.com 
www: http://www.wimsey.com/capilano/ 


Capilano 
Computing 


Macintosh is a registered trademark and Mac OS is a trademark of Apple Computer Inc. 





_ CIRCLE NO. 280 


Find out how you 
can break through 
the clutter to get big 
results for a small 
price, by placing a 


4-color ad in 
EDN Product Mart. 
Call Joanne Dorian 
at (212) 463-6415 
for details. 
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TSOP adaptors 
TSOP to DIP for programming 


uw for gang or single socket programmers 
= for normal or reverse pin-outs 


TSOP to DIP for breadboarding 
= with solder tail or wire-wrap pins 


Programming adaptors are also available 
for PLCC, SOIC, SOJ, PGA, & QFPS 


EDI Corp. 
2611 Highland Drive, Las Vegas, NV 89109 
Tel: (702) 735-4997 Fax (702) 735-8339 
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1995 Full Line 
STD BUS Databook 


Call or Fax us today for your free 400-page 
Databook. Detailing over 200 STD Bus so- 
lutions for embedded & DOS-compatible 
applications, you'll find complete SBCs, 
I/O cards, card cages, & software tools 
ready for your project. 


Call WinSystems for details! 
Phone: (817) 274-7553 * Fax: (817) 548-1358 
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Lowest Cost Industrial 
Embedded 486DX2/66 SBC 


More than just a PC, the $695 LBC- 
486DX/66 delivers maximum performance 
for industrial, telecom or medical applica- 
tions. It features parallel, serial, IDE, FDC 
& keyboard controllers. Also watchdog 
timer, power-fail detection and bootable 
solid state disk support. 
Call WinSystems for details! 
Phone: (817) 274-7553 * Fax: (817) 548-1358 


CIRCLE NO. 284 


STD Bus Powered 
Racks & Backplanes 





WinSystems’ backplanes and assembled 
card cages provide the highest integrity and 
reliability needed for industrial applica- 
tions. Based upon 0.625" or 0.75" vertical 
centers between card slots, these units are 
available from 2 to 26 card slots along with 
optional power supplies. 


Call WinSystems for details! 
Phone: (817) 274-7553 * Fax: (817) 548-1358 
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To advertise in Product Mart, call Joanne Dorian, 212-463-6415 


PLDs, 
CPLDs, 
FPGAs... 


for the best in 


Programmable Logic Design 
Synthesis Software 
to suit any budget, call: 


MINC 


ENG OR? OR ATED 


800 755 3742 


Tel: 719 590 1155 @ Fax: 719 590 7330 ¢ E-Mail: salesinfo@minc.com 
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486 Single Board 
Computers & 
553 Rack Mounts 





intel 


8 Slot 486SX-25 4MB 170MB HDD $1,495.00 

14 Slot 486DX-33 4MB 250MB HDD . . . .$1,995.00 

20 Slot 486DX2-66 4MB 540MB HDD . . $2,495.00 
PLEASE CALL FOR CUSTOM CONFIGURATIONS. 


ORDER DESK 1-800-777-4875 


J), US LOGIC Made In U.S.A. 
5055 Viewridge Ave., San Diego, CA 92123 
(619) 467-1100 * FAX (619) 467-1011 


The Intel Inside Logo is a registered trademark of Intel Corporation. 
3 year warranty applies to Falcon-I! Single Board Computer. 
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iceMASTER-PE 
In-Circuit Emulators 
from $851 


New AET (patented) emulator 
architecture delivers incredible value! 


Melts 


» Up to 42 MHz Operation 
» 128K Code/XDATA Memory 
w@ 128K Hardware Breakpoints 


& 
the Price 
of 80 5 ] @ Optional 16K Transparent Trace 
(View Trace While Executing) 


{@: » Real Time & Nonintrusive 
» Symbolic & Source-Level Debug 
# Windowed User Interface 
» Serial Link to Any PC 
» 8031 /8032/8X51/8X52 
@ 8XC51FX/87L51FB 
w 8XC751/752 
» DS80€320 


Call today for 
FREE DEMO DISK! 


(800) 638-2423 


Metalink Corpora =) 
Phone: (602) oie FAX: (602) 926-1198 
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D 
@ QUALCOMM 


Sheer ingenuity and creative talent has _ propelled 
QUALCOMM into the forefront of America’s fastest-growing 
companies. We've pioneered the application of Code Division 
Multiple Access (CDMA) to mobile/satellite communication 
systems and our engineers are forging technologies that will 
drive us into 21st Century. 


Perform your magic in an environment where you'll grow as 
rapidly as your talent and drive will take you. Join us with one 
of the many areas of digital design, including but not limited to: 


® Gate Array/Standard Cell/FPGA Design 
® Verification 
@ Synthesis 

® Embedded Processor Design 


Your design will be used in large volume/power sensitive 
subscriber units as well as in very complicated 
switch/ground equipment. 


We are committed to excellence and provide our engineers 
with a great environment and the latest in CAE technology. 


Engineering opportunities also exist for 
Analog IC Design and RF Engineers. 


QUALCOMM offers competitive salaries, excellent benefits 
and opportunities for advancement. Please send your 
resume in ASCII text via Internet to: 
Resumes@qualcomm.com You may also mail or fax your 
resume (indicate dept. code on both cover letter and 
envelope) to: QUALCOMM, Human Resources, Dept. 
EDN/DD, P.O. Box 919013, San Diego, CA 92191-9013, fax 
(619) 658-2110. Or see us on the Worldwide Web at 
http://www.qualcomm.com/ QUALCOMM is an Equal 
Opportunity Employer. 
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CALL TODAY FOR MORE INFORMATION ON PLACING 


YOUR ADVERTISEMENT IN EDN’S CAREER 
OPPORTUNITIES SECTION 


CONTACT: TRISH KENNEFICK, 
1-800-603-4859 TEL 
1-617-630-3925 FAX 
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STRATEGIC TECHNOLOGY DEVELOPMENT 
SEATTLE, WA 


McCaw Cellular Communications, Inc., a wholly owned subsidiary 
of AT&T Corporation and the premier provider of wireless commu- 
nications in the U.S. is adding new positions in the Strategic Technol- 
ogy Development department. 


McCaw is seeking highly motivated individuals who want to work 
on the leading edge of wireless communications technology. Join a 
dynamic technical group charged with pushing the boundaries of 
technology. You will work in a fast-paced team environment bridg- 
ing telecommunications, cellular and computing technologies. 


PROJECT MANAGEMENT 

Define/monitor project milestones and critical paths; maintain project 
schedule; build/update database; report project status/progress, coach 
managers/team on project scheduling. Bring to our team 3-5 years 
experience in project management, excellent computer skills; profi- 
ciency in Microsoft Project; excellent interpersonal/communication 
skills; proven ability to lead in a matrix environment without direct 
authority, and ability to work in a fast-changing work environment. 
Prefer Cellular/telecommunication experience. 


RF TEST ENGINEER 
Bring to our team strong experience at testing and validating digital 
radio receivers and transmitting equipment. Frequency range: 800- 
3000 MHz region. 


EMBEDDED SOFTWARE ENGINEERS 
Bring to our team strong expertise in link and call control software, 
with at least 3 years experience in telecommunications systems. 
Knowledge of protocol stacks mandatory. 


SYSTEM TEST ENGINEERS 
(RF/Telecommunications) 
Bring to our team expertise with acquisition and recovery performance; 
interfering signal degradation sensitivity; antenna pattern performance; 
RFI and EMC testing; Co-channel interference; Power control; com- 
mand channel response; system alarms and error reporting. 


HARDWARE & SOFTWARE DESIGN ENGINEERS 


Bring to our team expertise in ISDN Telephony; BRI with full knowl- 
edge of protocol layers 1-3. 


HARDWARE ENGINEER 


Bring to our team at least two years experience in the design of com- 
mon subscriber interfaces. 


ENCRYPTION/AUTHENTICATION 

SYSTEM ENGINEER 
Seek experienced systems and design engineers in the area of 
encryption and authentication (EGA) for wireless applications. Bring 
to our team experience in EGA standards (GSM, PACS/WACS, RC4, 
etc.); designing systems level requirements/functional design for H/ 
W, F/W, S/W aspects of E@&A; designing embedded S/W and H/W 
for E&A applications. 


SENIOR DESIGN-FOR-MANUFACTURING 


At least five years experience with high volume manufacturing prod- 
uct introduction; unit cost control; strong facilitator/leader to inter- 
face effectively with product design teams; demonstrated work expe- 
rience in design for manufacture in the telephony, wireless, or related 
industry; demonstrated leader. 


Send, fax, or email resume, along with a cover letter describing your 
job(s) preferences and how your skills/experience makes you highly 
qualified, to: Strategic Technology Development, McCaw 
Cellular Communications, Inc., 14520 NE 87th St., Redmond, WA 
98052. Fax: (206)702-2568. email: stg.jobs@mccaw.com. An Equal 


Opportunity Employer 
jes 


McCaw’ Cellular 
Communications, Inc. 


MIDWEST BSYOPENINGS 
Pak 


ELECTRONICS ENGINEERS 
COMMERCIAL PRODUCT DESIGN 
BS/MS 3+ Years experience in any of the following: 

* RF/Radio circuit design 
¢ Electro-hydraulic controls 
* Embedded microprocessor systems 
* Avionics — software, ‘C’, C++, displays, 
flight control 
Multiple openings with top commercial companies 
in the Upper-Midwest. Contact: 


DON GALLAGHER MSEE, President 
Gallagher & Associates 
1145 Linn Ridge Rd., Mount Vernon, 1A 52314 
(319) 895-8042 © Fax (319) 895-6455 
































SUSTAINING ENGINEER Il. Modify, design 
and test DC power systems using specific 
standards. Create manufacturing instructions 
to produce equipment. Resolve production 
problems. Generate engineering and manu- 
facturing specifications for new power 
boards. Prepare and restructure bills. Approve 
new power board profiles. Generate new CAD 
drawings. Provide approval of electronic com- 
ponents. Requirements: B.S. in Electrical 
Engineering including courses in Power Elec- 
tronics, AC/DC Power Systems and Analog 
and Digital filters. Must have two years expe- 
rience in job offered or two years experience 
in design engineering power systems, which 
includes experience in designing DC Power 
Systems using Bell Core and National Electri- 
cal Code (NEC) standards, generating draw- 
ings using CAD, applying MAPICS (Material 
Acquisition Planning and Inventory Control 
Systems) or JOBSCOPE to generate bills, 
designing +24V/-48V DC modular power 
plants, protected isolated and non-isolated 1 
to 10 KVA systems, and systems that involves 
controlled ferroresonant, high frequency 
switched mode and silicon controlled recti- 
fiers. Job located in Dunlap, Tennessee. 
$46,000/year. 8:00 a.m. to 5:00 p.m. Qualified 
applicants are directed to send resumes to 
Charles Turner, Tennessee Department of 
Employment Security, 505 Market Street, 
Post Office Box 11088, Chattanooga, Ten- 
nessee 37401, for referral to the employer Job 
Order No. TN1708414. 

































Reach over 63,000 engineering 
professionals, in EDN Career 
Opportunities 


Get the attention of 100% quali- 
fied engineers and managers 
involved in designing or devel- 
oping electronic products, who 
look to EDN Magazine's 
Classified section for 

Career opportunities. 


Only EDN can guarantee you're 
reaching the key design engi- 
neers in the Electronic Original 
Equipment Manufacturer mar- 
Ket. 


For more information 
contact: 


TRISH KENNEFICK 
Tel: 1-800-603-4859 
Fax: 1-617-630-3925 
















It’s not just 
fun and games... 





It’s an amazing career opportunity, it’s creative freedom, 
it's a chance to learn on state-of-the-art equipment, and 
there’s plenty of free coffee! 












Join Konami Computer Entertainment (KCE), a new 
R&D subsidiary of Konami Co. Ltd., an industry leader 
in electronic entertainment for the last 25 years. 


KCE’s mission is to gather the most talented individuals 
on the planet to create the best video games for the 
American market. We are actively hiring: 


Programmers 
Designers 
Sound Designers 


Programmers and designers must have PC or game 
platform experience. 


KCE 1s located in a spacious northwest Chicago suburb. 
Relocation packages will be available. Plus, we offer great 
benefits including competitive salary, 401(k), medical/ 
dental plans and, most importantly, a great place to work. 


To find out more about the growth opportunities at 
KCE, please send resumé with salary history to: 


Konami (America) Inc. 
Human Resources, Dept. EDN 
900 Deerfield Pkwy. 

Buffalo Grove, IL 60089 


Voice mail: 708-215-5100x242 
Fax: 708-215-5242 


Konami is an Equal Opportunity Employer. 
Konami® is a registered trademark of Konami Co., Ltd. 


©1995 Konami (America) Inc. 
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PROFESSIONAL SERVICES 


PRODUCT ENGINEERING 
& MFG., INC. 

Over 25 Years Experience in 

Complete Mechanical Services 

¢ Industrial Design & Rendering 

¢ Enclosure Design 

e Mechanism Design 

e Reverse Engineering 

¢ Product Evaluation 

¢ Prototyping 

From hand held Plastic Products... 




























Too Complete Machines 
oS CALL FOR BROCHURE 
Learn DSP and put your knowledge to work |) (Virginia 1-800-848-2553 
IMMEDIATELY! - 
To receive an informative brochure on this popular seminar, call 
Z Domain Technologies, Inc. at 1-800-967-5034 , . 
| 404-587-4812. Hours: 9 - 5 EST. Or E-mail dsp@mindspring.com —E. casonable rates. Call (703) 
| Also, a2-day ADVANCED class in DSP is availableona = ff Robert Pitt Bet, pc 
limited basis -- call for more details. - v- yfAlexandria, VA 22320 
By taking this 3-Day Course, you will really | 
learn DSP. Guaranteed! . What Happens When You 
Don’t Advertise? 
Coming to a City Near You: . 


Washington DC - Dallas TX - Atlanta GA - San JoseCA |. NOTHING! 












OVER 52,000 LOCATIONS, EDN CAREER OPPORTUNITIES IS THE BEST PLACE 
TO ADVERTISE YOUR COMPANY ’S POSITIONS. 


Gler THE ATTENTION OF 100% QUALIFIED ENGINEERS AND MANAGERS 
INVOLVED IN DESIGNING OR DEVELOPING ELECTRONIC PRODUCTS, WHO LOOK 
TO EDN MAGAZINE’S CLASSIFIED SECTION FOR CAREER OPPORTUNITIES. 


Der ME HELP YOU FILL THOSE POSITIONS! ONLY EDN CAN GUARANTEE 
YOU’RE REACHING THE KEY DESIGN ENGINEERS IN THE ELECTRONIC ORIGINAL 
EQUIPMENT MANUFACTURERS MARKET. 


Call: TRISH KENNEFICK 
Tel: 1-800-603-4859 Fax: 1 
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Colleges do a lousy job of preparing engi- 
neers for the real world. It’s appalling that so 
little of typical curricula is dedicated to mak- 
ing things work; to experiencing dramatic 
failure in all its guises; or to taking an idea 
from inception, through design and debug, 
to functioning product. 

Engineering is about making things. 
Although we need the theoretical ground- 
ing with which colleges seem so enamored, 
what differentiates us engineers from scien- 
tists is our focus on producing products. 
Things that work. Things that improve life 
for the masses. I love to 
make things, and I take 
great delight in the 
process of invention 
that leads to something 
that finally works. 

It seems, however, 
that most young engi- 
neering graduates are 
convinced that their 
education is over. After 
four or five years of 
struggling through dif- 
ferential equations and 
organic chemistry, they 
think that studying is 
yet another of life’s unpleasant obstacles 
they’ve finally overcome. 

Balderdash. 

Embedded design is a dynamic field that 
changes daily. The knowledge half-life is 
approximately two years; so, if you’re not 
studying constantly, count on being obso- 
lete before turning 30. Yes, it is possible to 
find a comfortable niche where you can park 
for a number of years—ignoring the 
advance of technology. But, when it’s time 
to hit the job market, you may be shocked 
to find that everyone is speaking an incom- 
prehensible language. 

Although night courses are a great way to 
catch up with new programming methods 
like C++, it’s tough to find universities offer- 





Living to learn 


ing state-of-the-art information about hard- 
ware design. Generally, the best courses are 
those that vendors offer. Any successful ven- 
dor is pushing the very latest technology, 
and many recognize that they must offer 
some sort of training. Take advantage of 
these opportunities—they’re often free. 
Convince your boss that a day or two of 
training is time well spent. 

Probably the best way to stay current is to 
read constantly and widely. Greedily suck 
ideas from EDN and other publications. 
Don’t expect to understand everything 
immediately, and never 
give up the battle just 
because you. don’t 
understand the con- 
cepts. The larger goal is 
to learn new ideas! 


Blow up your TV 
Spend time in good 
bookstores, both the 
“real” and the virtual 
order-by-mail varieties. 
Never has so much 
information been avail- 
able in so many easily 
digestible forms. Al- 
though lots of books still resemble those 
heavy tomes we slogged through in college, 
many now are fun and almost lightheart- 
ed—even when equations litter the pages. 
Every embedded-hardware designer 
should read High Speed Digital Design (a 


Handbook of Black Magic) by Howard John- — 


son and Martin Graham (PTR, Prentice Hall, 
NJ, 1993). Although the book may be chal- 
lenging if your grasp of theory is rusty, it’s 
worth reading even if you have to skip the 
math. 

Modern components are so fast that even 
slowly clocked systems suffer from all sorts 
of speed problems. This book leaves little 
unanswered in the quest for reliable digital 
designs. 
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The authors cover transmission-line 
theory in detail. At first glance, I shud- 
dered, remembering two incompre- 
hensible semesters of electromagnetics. 
Johnson and Graham balance theory 
with lots of practical information. For 
example, a right-angle bend on a pc- 
board trace is a transmission disaster, 
which you can cure simply by round- 
ing the track edges. 

Most engineers are vaguely aware 
that corrupting a pc-board ground or 
power plane is not a good move. Some- 
times, though, the temptation to save 
a couple of layers by routing a couple 
of tracks on the power plane is over- 
whelming. In just a few paragraphs, 
this book shows why this is a horrible 
idea, as the current return for any track 
runs under the track itself. Even design- 
ers with the best of intentions may 
accidentally create this situation by 
poorly specing hole sizes for connec- 
tors. If the holes are too large, they may 
intersect, creating a similar, though 
unintended, slot. 

The book also includes an entire 
chapter explaining the best way to 
stack layers on a pc board. One criti- 
cism, however, is that I would like to 
see more discussion on how signals 
couple with different stack configura- 
tions. 

Vias, too, get their own chapter. 
There’s lots of good advice. The best 
sound bite is that small vias are much 
faster than larger ones. Small vias sure- 
ly help routing, too, especially with 
SMT boards, so there’s a ray of hope for 
us yet! 

One of the biggest challenges digital 
designers face is propagating signals 
off-board through cables. A single 
chapter on this subject is worth the 
entire price of the book. Ribbon cable is 
far better than I realized, especially 
when you run grounds, as the authors 
recommend. 

What’s the best way to use a scope on 
a high-speed system? What is the effect 
of that short ground wire coming from 
the probe? It turns out that the 3-in. 
ground lead can degrade the displayed 
rise time by more than 4 nsec! The 
authors offer the best description of 
scope-probe problems (and solutions) 
I’ve ever seen. They show how to build 
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a better probe using parts found in any 
shop. 

Did you know that skin effect, the 
tendency of high-frequency signals to 
travel only in the outer edges of a con- 
ductor, can become important on pc- 
board tracks at frequencies as low as 4 
MHz? Halving the length of a conduc- 
tor improves its frequency response by 
a factor of 4. Until reading this book, I 
was under the impression that only RF 


designers needed to worry about this _ 


effect: 
Read this book. Then pass it along to 
your pc-board designers. | 


Bebopping along 

Clive Maxfield’s book Bebop to the 
Boolean Boogie (Hightext Publications, 
Solana Beach, CA, 1995) is the MTV 
version of an embedded-design how-to 
book. It’s fun. It’s a fast read. You'll find 
neither calculus nor much about basic 
electronics. It focuses entirely on logic 
design. The book is designed as a 
primer for those without much 
grounding in this area. (For a full book 
review, see EDN, Out In Front, April 27, 
1995, pg 28.) 

Hardware designers who’ve been at 
this for a couple of years probably have 
mastered the material already. It 
appears, however, that the embedded 
world is evolving into two camps—dig- 
ital design and firmware—with less and 
less communication between the two. 
Increasing specialization means there 
are fewer people who can deal with sys- 
temwide problems. If you are an 
embedded-software guru who just 
doesn’t understand the electronics part 
of the profession, get this book and 
spend a few delightful hours getting a 
good grounding in digital-design 





basics. Then watch for startled looks as 
your water-cooler discussions include 
comments about state-machine design. 

Bebop covers all the basics, from the 
history of number systems (much more 
interesting than the tiresome number- 
system discussions found in all ele- 
mentary texts), to basic logic design, 
PALs, and even pc-board issues. I often 
meet engineers who have no idea how 
chips are made; this book gives a great, 
easily readable, overview of the 
process. 

Its discussion of memories is fast- 
paced and worthwhile. A chapter about 
DRAM RAS/CAS operation would be a 
nice addition, as would some material 
on flash, but there’s a limit to what you 
can pack into 450 pages. 

I found the chapter about linear 
feedback shift registers the most inter- 
esting. This subject never fades away. It 
pops up constantly on the embedded- 
systems Internet list servers (comp.real- 
time and comp.arch.embedded), often 
under the guise of CRCs. These pages 
are worthwhile reading even for expe- 
rienced digital engineers. 

And, yes, the seafood-gumbo recipe 
in Appendix H is worth the entire price 
of the book. 

Jan Axelson’s The Microcontroller Idea 
Book (Lakeview Research, Madison, WI, 
1994) is an ideal introduction to low- 
end embedded design. The book’s 
focus is the 8052-Basic CPU, a very- 
low-end controller suited for designers 
with no assembly-language or C exper- 
tise. Axelson takes the reader from 
essentially no knowledge of program- 
ming through Basic while offering lots 
of insight into the design of simple 
embedded systems. This work is much 
too simple for the experienced engi- 
neer but is worthwhile for the novice 
embedded designer. 

The next time I hire new CS or EE 
graduates, I plan to have them work 
through both Bebop and The Microcon- 
troller Idea Book. A week spent soaking 
up these practical concepts will help 
ground them in reality and balance the 
four years of theory still ringing in their 
ears. 

Another Hightext Publications 
book, Programming Microcontrollers in C 
by Ted Van Sickle (Solana Beach, CA, 
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1994), is a succinct introduction to 
embedded firmware. Whereas Bebop is 
ideal for the digital-designer wannabe, 
Programming Microcontrollers in C is a 
must-read for engineers trying to get a 
handle on software issues. 

In 88 pages, Van Sickle gives a com- 
plete and easily readable introduction 
to C programming. The book offers 
advice alongside programming facts. 
Here’s an example: “Programming is a 
contact sport, so don’t expect to 
become a C whiz till you’ve written and 
debugged a few thousand lines of 
code.” The book’s discussion offers a 
great starting point for designers seek- 
ing to broaden their background in C. 

If you’re using the 68HC11 or 
68HC16, I’d advise looking through 





the book to get a feel for what these 
CPUs can do. The text is definitely not 
an advanced user’s guide, but it gives a 
nice overview of using timers, pulse- 
width modulators, interrupts, and the 
like. Be forewarned, however, that the 
book doesn’t provide much informa- 
tion on other chips. 

Even better is its discussion about 
using Byte-Craft and Intermetrics com- 
pilers. Everyone dreads setting up a 
new environment. This book eases the 
process, especially since it includes 
header files. 

I get a constant stream of queries for 
introductory texts to the embedded- 
systems world. This is the book. It 
should be required reading even in 
computer curriculum, where embed- 
ded systems get virtually no mention. 


Plan for your future 

Space limits the number of books I 
can cover here—and permits only the 
most cursory of reviews. More impor- 
tant than a discussion of any one book, 


however, is developing a philosophy 
that embraces continuous learning. As 
a parent, one of my greatest goals is to 
instill a love of learning and to ensure 
competence in reading for my chil- 
dren. All else follows from this; without 
it, nothing but intellectual stagnation 
is possible. In addition, consider the 
following: 

e Never succumb to the temptation 
to let someone else dictate your 
career. Too many professionals 
avoid training because their com- 
pany won't pay for it. That’s career 
suicide. Take charge of your future, 
yourself, because no one else will. 

@ Frustration is a part of learning, so 
practice patience. Most engineer- 
ing texts border on the unreadable. 
Cull the best of the bunch, and 
don’t become frustrated when yet 
another book disappoints. Contin- 
ue to seek out the pearls. 

e@ Avoid excessive specialization. My 
dad relates the story of an engineer 
at Grumman in the early 1960s 
who knew everything there was to 
know about designing wheels for 
lunar-roving vehicles. Presumably 
pencil-cup donations are keeping 
the family fed now. 

And, finally, take time to read a little 
poetry, some science fiction, and litera- 
ture. The greatest ideas often originate 
from engineers who exercise their men- 
tal muscles in many diverse areas. 


Jack Ganssle is the president of Sof- 
taid, a vendor of emulators and 
other embedded-systems tools. He 
can be contacted via Compuserve 
at “76366,3333,” or via Internet at 


“jack@softaid.com.” For those 
users of the Pony Express send mail 
c/o Softaid, 8310 Guilford Rd, 
Columbia, MD 21046. 
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Take six IR surface-mount IGBT 
CoPacks with built-in diodes. Add one 600V 
IR2130J three-phase driver. And you end up with 
a lhp inverter about the size of a credit card. 


: : This motor control inverter is 3" x 3" sq. and features six SMD-220 
The lower part count, S1Ze and weight surface-mount CoPack UltraFast IGBTs driven by a single 600-volt, 
reductions bring added value to your end product. 3-phase driver (IR2130J) with current-sensing. 


Your customers benefit from the pass-along 
savings. And you gain the competitive edge. 


Thanks to the most compatible line of power 
devices ever. Value-priced to save you money. In 
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